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SAFETY NOTICE 

Proper service and repair procedures are vital to safe, reliable operation of all appliances, 
as well as to the personal safety of those performing repairs and using the appliances. 
This book gives instructions for safe, effectiv'e methods, and the warnings must be heed¬ 
ed. Follow standard safety practices at all times to eliminate the possibility of personal 
injury or damage to the appliance. 

It is important to note that techniciues, tools, and parts —as well as the skill and ex¬ 
perience of the individual performing the work —vary widely. It is not possible to antici¬ 
pate all the conceivable ways or conditions under which appliances may be serviced, or 
to provide cautions as to all possible hazards. Standard and accepted safety precautions 
and equipment, along with all local electrical safety codes, must be observed. Heed all 
warnings when handling toxic or flammable fluids: wear safety goggles when cutting, 
grinding, chiseling, prying, or performing any other process that can cause material re¬ 
moval or projectiles. Some procedures require the use of tools specially designed for a 
specific purpose: do not substitute another tool for one designated. 

ASBES'i’OS WARNING: Some older appliances may contain asbestos insulation. 
Asbestos is a known carcinogen: if you encounter it, do not handle it or breathe its dust. 
If an asbestos lining is flaking or deteriorating, dispose of the appliance promptly. 
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Introduction 


Small home appliances have often been touted as “labor-saving de¬ 
vices,” Salespeople and advertisements usually tell consumers how 
much time and energy they can save each day by using these handy little 
helpers. The pitch is that household appliances simplify chores. 

Yesterday’s luxury item is considered a necessity in modern life. 
When was the last time you opened a can with one of those old-fash¬ 
ioned hand-operated twist keys? When did you last waste the heat of a 
full oven to make toast in the morning? (Or try to make toast over a fire?) 
How often do you wash your clothes in a tub, with water heated on a fire, 
and use a scrub board to get out the dirt? 

Hundreds of household appliances assist us each day in performing 
tasks more easily, faster, and usually better. Sure, you could manage to 
live well without them, but would you want to? From the moment a 
clock-radio or electric alarm awakens you in the morning until you tuck 
up under a warm electric blanket at night, small electric appliances have 
become part and parcel of daily living. Some of these devices are de¬ 
signed to perform chores while you sleep, or in your absence. There are 
automatic timers so that your morning coffee can be perked and ready 
even as the alarm sounds. As you slept, servo-mechanisms could have 
watered the lawn and/or garden, recorded a late night movie on a video 
recorder, recorded phone messages, and could even have taught you 
subconscious lessons through a pillow speaker. 

Morning ablutions in the bathroom often require an electric razor, 
hair dryers, hot-curlers and automatic toothbrushes or water piks. And 
breakfast just wouldn’t be the same without your toaster, broiler, juicer, 
microwave oven, electric can opener, or your little handy-dandy person¬ 
al doughnut maker. All the while, small radios or television sets enter- 
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tain you and issue frequent time checks so you’ll know wlum you have 
to turu on your phone recorder, use the automatic garage door opener, 
and take off for work. 

Labor-saving devices once considered exclusively for use in the of¬ 
fice are now commonplace in private homes, all the way from electric 
pencil sharpeners and t 3 q)ewriters up to computers. And the home 
workshop may be supplied with electric drills, senders, saws, air com¬ 
pressors, and test meters. These tools can be used to fix any of your other 
small appliances whenever they malfunction. 

The concept of do-it-yourself repair often worries anyone not me¬ 
chanically inclined. This apprehension might be justified when it comes 
to repairing an automobile, or a leaking roof. If the work is done improp¬ 
erly, it can be extremely costly to replace those items if damaged by in¬ 
competent workmanship. 

But small appliances are a different category altogether. What’s your 
first temptation when the toaster won’t work? Throw it away! We live in 
what has been called a “throw away’’ society. And that doesn’t just mean 
that we throw away a lot of paper, boxes, and uneaten food. We routinely 
toss out a variety of things because they’re not worth the bother to keep. 

Small appliances are a good example of this. The cost of repairs by a 
professional serviceperson is usually as much as —or more than —the 
cost of a shiny new replacement. Household small appliances generally 
cost $100 or less, and most carry price tags of from $5 to $75. Profession¬ 
al repair shops today normally have a minimum charge of $30 to $50, 
just to open up a device to attempt to see what is wrong. So if a $24 elec¬ 
tric coffee maker acts up, and the service charge to fix it will be $35, it is 
cheaper to buy a new one than to hire someone to fix the old. Out goes 
the old coffee maker, and you plunk down another $24 for a new one. 

The fact is that the whole problem with the coffee maker might be a 
$3 heating element or a 50(1: switch. In fact, the problem might be nothing 
more than a water carrying tube that has come loose, and needs simply 
to be pushed back into place (total cost of repair is nothing but a few 
minutes of your time). 

Most of the cost of repairing an appliance is in the labor. It could 
cost you $35 to fix that $24 coffee maker, even though the actual cost of 
replacement parts is only a couple of dollars. If the repair shop has a 
minimum charge (quite common), the actual cost of repairing the unit 
could be zero, with the entire charge being wrapped up in the few min¬ 
utes of labor needed to take out four screws and push a tube back in 
place. 

The purpose of this book is to save you those labor charges. Why pay 
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someone $40 an hour to take out a couple of screws? Moreover, why toss 
out your appliance when the repair of most problems is so ver}^ easy? 

Going back to the coffee maker example —assume that the device no 
longer perks or no longer keeps the coffee warm. The problem is proba¬ 
bly a faulty heating element, which costs just a few dollars to replace. To 
make the replacement, you usually remove a few screws from the bottom 
of the coffee maker, slide the bottom cover off, unplug the old element, 
plug in the new, and put the screws back in. Total time for the job is 
about 5 minutes. The savings you’ll realize is at least $20. Twenty dol¬ 
lars for 5 minutes of work is a pretty good rate of return — in fact, it works 
out to be $240 per hour! This should make you stop and think about 
what you’re tossing into the garbage can. 

The important thing to keep in mind is that for the majority of small 
appliance malfunctions, you can make a successful repair, even if you 
don’t have a mechanical background. It’s not as difficult as you might 
think. Diagnosis of a problem is usually easy. When it’s not, a few simple 
tests will often make it obvious. And you don’t need a bench full of fancy 
equipment and tools to get the job done. Nor do you need years of special 
training. Try it once and you’ll realize just how easy it is. The more you 
do, the easier it gets —and the more you save. (You might even begin to 
wonder why in the world we’ve become a “throw-away society’’.] 

There will be times, however, when your attempts at repair will be 
useless. You might find that the repair is either impossible, or requires 
more time, effort and actual cost (for parts) than the price of a new de¬ 
vice. Even then you don’t lose out. 

First, you can use these ailing automatic appliances as a sort of 
training step for learning more about do-it-yourself projects. The next 
time something needs fixing, you’ll be better prepared to handle it. 

Second, and almost as important, in taking apart the malfunctioning 
device you will have provided yourself with a “spare parts’’ supply from 
the old unit. Those can be of obvious value if you buy a new one of the 
same make and model. What many people don’t realize is that quite of¬ 
ten the salvaged parts can be used in other small appliances. (Electric 
cords are an excellent example of this universal adapability.) 

Beyond just saving money, there are other reasons for attenq)ting to 
fix a broken appliance yourself. The item may have been a gift that you 
treasure. It may not be worth the price of professional repair, but if at all 
possible you’d still like to keep it around and operational. 

In some instances, a favored appliance may be an old model that 
suits you just fine. You prefer the way the old one did the job and tlui 
“quality of workmanship of days gone by.’’ You’d much rather ha\'(i the 
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familiar appliance back in good working order than have to make do 
with a newer version you dislike. 

In almost all cases, small appliance repair is a case of nothing ven¬ 
tured, nothing gained. And you are in a strictly no loss situation, since 
the loss is already there if the appliance can’t be whipped back into 
shape through your own efforts. The most it can cost you is some min¬ 
utes of your time to find out if you can successfully make the repair. 

With a few simple hand tools, common sense, and this book, you’ll 
be able to diagnose and fix most of the common problems that can inter¬ 
rupt the smooth and reliable operation of these everyday conveniences. 
You’ll also learn how to carry out some simple maintenance steps to re¬ 
duce the number of times that repair becomes necessary. 

In short, the cost of this book could be one of the more valuable in¬ 
vestments you’ve ever made! You can save its cost many times over with 
your first job. 

In Section One you will be given all the basics you need to success¬ 
fully repair and maintain the small appliances in and around your 
home. Section Two is a step-by-step guide to repairing dozens of appli¬ 
ances, arranged in alphabetical order from blankets and coffee makers to 
telephones and trash compactors. 

Chapter 1 describes the basic tools needed for small repair jobs and 
how to use them. It also lists some of the supplies you might wish to 
keep on hand if you intend to become a serious do-it-yourselfer. 

Chapter 2 is dedicated to the subject of safety. Nothing is more im¬ 
portant than safety. The chapter is fairly short and to the point, so read it, 
and then read it again. It’s the single most important chapter in the book. 
Every year people lose their lives because they consider safe procedures 
to be too boring to learn. Repeat: there is nothing more important than 
safety. 

Since almost all appliances are electrically operated. Chapter 3 is 
devoted to a description of home electrical codes and practices and to 
demonstrations of how best to handle electrical repairs. It is filled with 
practical information to help you avoid making costly and possibly dan¬ 
gerous mistakes. Put this information to use and you are highly unlikely 
to run into trouble while working on any electrical, motor-driven, or me¬ 
chanical device. 

Chapter 4 describes the diagnosis and repair principles for all small 
appliances. These fundamental procedures will let you handle all but 
the most complex repairs on any device. This chapter will be of help 
even if 3 mur appliance is not individually listed in Section Two. 

Electric motors are covered completely in Chapter 5. These are the 
power sources for most small appliances. You’ll discover that even 
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though many of the small electric motors used are sealed, some can be 
opened and brought back to life again rather easihc (You’ll also find that 
many times a motor problem is nothing more than a loose connector.) In¬ 
expensive sources for replacement motors are listed, in the event you are 
unable to get the original one working again. 

Chapter 6 covers all the heating elements used in appliances such as 
blankets, hair dryers, broilers, coffee makers, or any other device where 
providing heat is one of its functions. You will be shown how to isolate 
the malfunction to a particular part, how to obtain replacements, and 
then how to install the replacement properly. 

Chapter 7 tells how to maintain appliances to help reduce the num¬ 
ber of times that repairs are needed. Sound maintenance practice can go 
a long way toward keeping your appliances in good working order. 

In Section Two, you will be guided step-by-step to troubleshooting 
and repair of individual appliances. To make finding the item easier, 
they are presented in alphabetical order. For each appliance there is a 
discussion of the basic design and operation, a review of common break¬ 
downs, and troubleshooting tips to assist in problem identification and 
diagnosis. Specific information is then provided for replacement and/or 
repair of the defect. 

All of the most common appliances are represented. If the appliance 
that is giving you trouble isn’t specifically listed, refer first to Section 
One. Chances are, you’ll find exactly what you need to know here. You 
can also look up a similar appliance in Section Two for more specific in¬ 
formation. (If it’s a large appliance that is giving you trouble, be sure to 
see the companion book, Chilton ’s Guide to Large Appliance Repair and 
Maintenance.) 


The First Steps 

1. Read the entire book thoroughly, particularly Section One. 

2. Study Chapter 2 once again (for safety tips) before you begin. 

Read Chapter 3 if applicable. 

3. Perform the basic diagnostics steps of Chapter 4. 

4. Read the applicable repair description in Section Two. 

5. Complete the tests on your unit to find the defective part. 

6. Repair or replace that bad part. 

7. Use your appliance! 
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13(?l'oro anylhing olse, your first stej) sliould be to road through this 
book coiu[)lotely. Section C^ne is of sj)ecial importance since it provides 
all the basic information you’ll need for the job at hand, and also gives 
you the safety tips that will protect both 3 'ou and the device on which 
vou are working. 

i\lan\' people will be tempted to skip Section One. Don’t. The infor¬ 
mation in Section One is too important to ignore. 

Even more people will ignore Section Two except for those j)arts 
that are of immediate importance. That, too, is a mistake. Even if you’re 
working on a coffee maker, the hints on diagnosis and repair of an elec¬ 
tric lawn clipper can be handy. Imagine bringing that malfunctioning 
appliance to a repair shop. Who would your prefer to handle the job — 
someone who is comfortable only with coffee makers or someone who 
has a solid overall knowledge of how small appliances work in general? 
If that person has an overall knowledge of all appliances he or she is 
more likely to carry out the needed diagnosis and repair successfull^c If 
that person has never worked on anything but coffee makers, he or she 
will be less prepared to handle the unexpected. 

After reading the book, study Chapter 2 again. The importance of 
safety can hardly be stressed enough. If 3^011 can’t understand how im¬ 
portant safety is and can’t spare the time to study Chapter 2 before begin¬ 
ning, toss out the malfunctioning appliance and buy a new one. You’ll 
save money (because you can’t be bothered to learn proper repair proce¬ 
dures), and possibly your life. 

Steps 3, 4 and 5 on the list are actually more like three parts of a sin¬ 
gle step. Carry out the diagnostic steps and read the appropriate part in 
Section Two with its specific diagnostics, tests, and hints for that partic¬ 
ular appliance. Once this has been done you’ll know what is causing the 
trouble and you can proceed with the repair or replacement of the defec¬ 
tive part. 

This brings you to the nicest part of it. You can put awa 3 ^ 3 ^our 
checkbook and stop watching the ads for appliance sales. The one 3^011 
were about to toss in the trash will be functioning again. 
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Section One 


Before You Begin 








Chapter 1 

The Tools and Workshop 


A few hundred years ago, the average person was capable of making the 
needed repairs to the simple machinery used around the home or farm. 
Despite how complex machinery has become, the same holds true today. 
The only real difference is that many people don’t realize that they con 
do it. 

As more sophisticated equipment moves into our private homes, it’s 
easy to think that the task of repair requires more knowledge and experi¬ 
ence than the average owner has. As much as that owner wants to avoid 
the high cost of repair, he or she just doesn’t feel capable of handling the 
job. It seems too complicated for the homeowner who rarely handles a 
screwdriver let alone the insides of a broiler oven or toaster. The owner 
with this common attitude may spend hundreds of dollars to have a pro¬ 
fessional come out to make the repairs, often when the owner can easily 
do them. (You’ll find that the majority of repairs are very simple. Have 
you ever known someone who paid $50 to have a repair technician come 
out just to push in the plug? It happens all the time.) 

Repairs to appliances are not as difficult as you might think. Once 
you’ve overcome that first major hurdle of realizing that you can got the 
job done as well as —and often better than —that professional, you’ve al¬ 
ready accomplished at least 75% of the job. 

The goal of this book is to give you the remaining 25%. It will show 
you some of the steps that professional technicians use to test appli¬ 
ances, and to quickly determine what part has malfunctioned. 


GENERAL PURPOSE TOOLS 

Before you attempt any repair work, it is necessary to acciiiire a l(nv basic 
hand tools. You probably already have most of these in your toolbox. If 
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you don’t, it’s past time that you made the investment. These things are 
too useful to worry about the few dollars they will cost. It’s a one-time 
investment if you buy wisely. It’s also an investment that will pay off 
many times over. 

As a simple example, imagine that the outlet for your hot plate has 
become faulty. You could pay a professional $50 or more (plus parts, 
which are charged to you after a hefty markup has been applied) to re¬ 
place it. Or you could dig out that $2 screwdriver and do it yourself. 
That’s a savings of $48 —and you get to keep the screwdriver. 


Basic Tools 

Screwdrivers 

(blade and Phillips) 

Wrenches 

Socket set 

Allen wrenches 

Nut drivers 

Pliers 


Needlenose pliers 
Wire cutters 
Knife 

Soldering tools 
Multimeter 

( volt-ohm-milliammeter) 


Appliances are held together with various types of screws, nuts, and 
bolts, along with other fasteners. Once inside, you’ll also find that many 
of the components are held in place in much the same way. Before you 
can do any servicing, you’ll have to acquire the tools needed to get inside 
and to work with the components. 

You will need a few standard screwdrivers with tips of various 
sizes. All must have insulated handles, since most appliances are elec¬ 
trically operated. Different sizes of screwdrivers are required because 
appliances use different sizes of screws. Using the wrong size screwdriv¬ 
er can cause several problems. First, it may not work at all. Second, it 
may damage the screw, making it extremely difficult or impossible to re¬ 
move even if you get smart and switch to the proper size screwdriver for 
the job. Third, you can damage the appliance. Fourth, and most impor¬ 
tant, you can injure yourself. 

Use the right screwdriver for the job. The few extra dollars you’ll 
spend for a complete screwdriver set will pay off. 
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FIG. 1-1 Basic tools needed. From left, socket set, wrenches, alien wrenches, cres¬ 
cent wrench, pliers, vise grip, nut drivers, screwdrivers, and VOM. 


^ @ 

BLADE PHILLIPS HEX TORX 

FIG. 1-2 Screwhead types. 

Another type of screw head is called a Phillips, which is like a four- 
sided star. You’ll need at least one with a fairly small head. It’s also 
handy to have a Phillips screwdriver with a larger head on it. A few large 
appliances require a Phillips screwdriver with a very small head. Screws 
of this type are sometimes used to hold smaller components in place. Be 
sure that the screwdriver has an insulated handle. And be sure that you 
use the right size screwdriver for the screw. 

Somewhat like a Phillips head is a relatively new design called a 
Torx. This kind of screw head is highly resistant to stripping. Almost 
certainly more and more manufacturers will begin to use this kind of 
screw. If your appliance uses this kind of screwhead, do not try to re¬ 
move it with anything other than a Torx driver. Using a Phillips or blade 
screwdriver will damage the screw, the driver, and possibly the appli¬ 
ance. 

Occasionally you’ll come across other types of screw or bolt heads. 
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I. 




FIG. 1-3 This kind of fastener 
gives you a choice of tools. When¬ 
ever possible, use a nut-driver in¬ 
stead of a screwdriver. 


The most common of these have a hex head, either indented (use an al¬ 
ien wrench) or with a nut-like head (use a wrench or nutdriver). In many 
of these cases, the screw or bolt will have a head that gives you a choice 
of tools. Commonly, the head will have a slot for a screwdriver blade, 
surrounded by a hexagonal nut that can be turned with a wrench, socket, 
or nutdriver. When given this choice, it’s always preferable to use the 
nut head instead of the slot. The job is easier and safer this way. 

A set of wrenches will often be needed to get inside the appliance, 
and sometimes a wrench will be the only way to take care of certain jobs. 
For example, replacing a belt often requires loosening and tightening the 
motor mount bolts. If you don’t tighten the bolt completely, the belt will 
soon be flopping again. 

An alternative to wrenches (but not necessarily a replacement) is a 
socket set. These days you can find inexpensive sets in many places. A 
complete 40-piece set might cost as little as $5. These tools are obviously 
of lower quality, but are certainly sufficient for the occasional handy¬ 
man. 

Nut drivers have been mentioned several times. If you intend to do 
much repair work in your shop, another useful acquisition is a set of nut 
drivers. These are like fixed socket wrenches, or like a combination of a 
screwdriver and a socket. 

A pair of pliers with plastic insulated handles and a pair of needle¬ 
nosed pliers will be of help to you. These are used for gripping. Do not 
use them in place of a proper wrench or socket. 

As always, it’s best to use the tool meant for the job. A separate wire 
clippers is generally better than the one built into a pliers. Although you 
can use a sharp knife to strip away the insulation from a wire, a wire 
strippers will do the job better, quicker, and more safely. (Even so, a 
sharp pocket knife is something no tool kit should be without.) 
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FIG. 1-4 This soldering tool is fine for small jobs. 

Another convenient combination of tools for the home workshop is 
the small soldering iron and a desoldering tool (often called a “solder 
sucker”). 

For some appliance work, a heavy soldering iron or gun of 100 watts 
is best. This type of iron is too hot for working on sensitive solid-state 
electronic circuits such as the transistors and IC chips in a television set, 
but the extra heat is often needed for effective soldering work on many 
home appliances. 

When buying a soldering iron or solder, tell the person at the 
counter what type of work you will be using it for. Most shop personnel 
are familiar with the correct style and model you shoidd be using. 

The solder sucker, which literally sucks up excess solder from a 
heated joint, is used to remove old solder when you are attemj)ting to re¬ 
place a part or disconnect a wire so that meter readings may be taken 
properly. These tools come in several different types, from a simple 
squeeze bulb to a fancy spring-loaded heavy-duty model. If you have to 
disconnect a soldered part, first you must melt the old solder joint and. 
while the joint is still hot, use the desoldering tool to remove the meltcul 
solder. The component or wire can then be removed from its original j)o- 
sition easily. 
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Before attempting to use a soldering iron, study carefully the pages 
on its proper use in Chapter 3. Better yet, read this section, then practice, 
practice, practice! Soldering is fairly easy, but it must be done correctly. 
In electrical work, always use resin core solder. Acid core solder, used in 
some forms of construction requiring the binding of metals, is corrosive. 
If used for making electrical connections, the joint will eventually dete¬ 
riorate and the electrical contact will be destroyed. 

One tool you can hardly afford to be without —a VOM (volt-ohm- 
milliameter) — is discussed at the end of this chapter. For the moment, 
jot this down as one of the “must get” tools, and if you aren’t already fa¬ 
miliar with its operation (and even if you are), turn to the last section in 
this chapter for more information. 

As you become more sophisticated in repair and maintenance work, 
you may wish to obtain other tools, such as a small electric drill, and 
possibly a set of clamps, vises, and holders in order to work on jobs re¬ 
quiring a “third hand.’’ A third hand is a tool made up of alligator clips 
and arms built into a stand; it aids in holding wires and other small ob¬ 
jects that need soldering or other attention. 

Heating elements in particular can’t be soldered. While in operation 
they get too hot, and regular solder would simply melt off. Consequent¬ 
ly, you may need a good crimping tool, or possibly a small torch and sil¬ 
ver solder. More information on how these are used is contained in 
Chapter 5, “Heating Elements.’’ 


FIG. 1-5 The VOM is one of the 
most important tools for the do-it- 
yourselfer. You don’t have to 
spend a lot of money to get one 
that works. 
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SUPPLIES 


You don’t need a huge stock of supplies to carry out successful repairs. 
As mentioned in the Introduction, you can slowly build up your collec¬ 
tion of spare parts as you go along by scavenging unfixable appliances. 
Meanwhile, the local parts supply store will serve very well as an out-of¬ 
home stockroom. 

Your only real need is for supplies that will be used for many differ¬ 
ent repairs. Several of these are described below. 


Handy Supplies 

Electrical tape 

Denatured alcohol, cotton pads and swabs 
Spray lubricant 

Connectors of various types 
Wire, 10 to 16 gauge 


A roll of good quality electrical tape can be indispensible around 
the home. This is the plastic-coated insulating tape, not what is often 
called “friction tape.’’ If you don’t already make a habit of having plent}^ 
of electrical tape around the home, once you get some you’ll wonder 
how you got along without it. 

For cleaning and preventive maintenance of appliances, the do-it- 
yourselfer should have on hand a bottle of denatured alcohol (not rub¬ 
bing alcohol) and cotton pads and swabs. The more pure the alcohol is, 
the better. You can find it on the shelves in most drugstores with a purity 
up to about 90%. This is fine for most jobs. Even so, you may wish to go 
to the trouble of getting a better grade, such as 99%. The difference in 
cost is very small and assures that you won’t be contaminating when 
your goal is cleaning. 

A can of spray lubricant, such as WD-40, and a supply of light ma¬ 
chine oil can help in preventing costly appliance breakdowns if used 
properly. Used improperly both can cause more problems than they’ll 
cure. The trick is to use as little lubricant as possible, and to thoroughly 
clean away any excess afterwards. 
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FIG. 1-6 This kit comes with a variety of different kinds of connectors and a multi¬ 
purpose tool. 


Also desirable is a supply of various connectors. 

You should be able to find connector sets at most hardware and 
electronic stores. These contain several each of different kinds of con¬ 
nectors and are a good way to get started. Later on you can get packages 
of specific connectors. (It’s almost always worth getting a package rather 
than single connectors, unless you need a specific one.) 

For about $10 you can buy a more complete set with connectors and 
a wire stripper/crimper/cutter tool. For occasional jobs, these combina¬ 
tion tools work just fine. If you’re planning to do a number of repairs, it’s 
worth it to pay a little extra for a higher-quality set. 

A supply of different sizes of wire is also useful. Not just any wire | 

will do. You can often (but not always) replace a smaller gauge wire with I 

a wire of larger gauge. The reverse isn’t true. I 

The wire that carries a tiny control voltage might be just a few I 

strands of thin copper covered by a light coating of insulation. The wires I 

going to the heating elements of an electric range are probably hea\y I 
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wire with matching insulation. If you try to replace the heater element 
wire with the small one for a control, the best that will happen is that the 
wire will melt and everything will stop. Hopefully nobody would be sil¬ 
ly enough to try such a thing. However, it’s all too common for someone 
to replace a heavy 10-gauge wire with 14-gauge wire because that hap¬ 
pens to be at hand. Failure in this case won’t be as quick, but that makes 
it all the more dangerous. That too small wire will be getting very hot, 
possibly hot enough to melt away the protective insulation. And all of a 
sudden you have a deadly 240 volts just waiting for you to touch the 
wire. The voltage may even be conducted through the metal body of the 
appliance. 

A well-equipped work bench will have small spools of wire from 
gauges 10 to 16. If buying a spool each of the different wire sizes is more 
than you care to spend, don’t worry. Many hardware stores carry large 
spools of wire and allow the customers to buy whatever length is need¬ 
ed. It is simply more convenient to have a supply at home. 

The best way is to get things as you need them, but in slightly larger 
quantities than are required for the job at hand. For example, if you have 
a need for 16 inches of 10-gauge wire, get an extra few of feet at the same 
time. The additional wire will cost you very little. It allows you to make 
mistakes, and if you don’t make mistakes, it gives you some extra wire 
for the next time that size wire is needed. You might also find that same 
gauge wire in a small spool of 25 or 50 feet for about the same cost as the 
few feet you actually need. 

Once you get going, you’ll find a hundred uses for electrical tape so 
you can safely buy that ’’Special Today!" package of 10 rolls. On the other 
hand, if you have to replace the thermostat on your hot plate or fry skil¬ 
let, chances are good that you’ll never have to do so again. There’s no 
need to buy two. 

THE VOLT-OHM METER (VOM) 

To test for electrical voltages, measure component values, and check for 
continuity (continuous wiring contact from one point to another), you 
will need a multimeter (volt-ohm meter). Testing a wall outlet can be 
done easily with a tester made specially for this purpose, and some tech¬ 
nicians prefer this simpler tester. Others feel that the only viable way to 
test any voltage is with a meter. 

Fig. 1-5 is a photograph of a simple volt-ohm-milliammeter, or 
VOM. Today, some pretty fancy digital VOMs are available from hard¬ 
ware and electronic supply stores for less than $50. Simple models with 
a needle and scales are available at prices less than $15. 
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Although a more expensive meter is usually better, you can get by 
very well with one of the very simple meters. Almost all meters made to¬ 
day, including those $10 specials, are accurate enough for your pur¬ 
poses. 

Whichever VOM you get, it should be able to measure at least volt¬ 
age and resistance. Unless the meter has built-in automatic switching, 
the meter should have several ranges for each kind of reading. 

The voltages you will be measuring will be somewhere between 5 to 
50 volt dc (vdc), and 120 or 240 volt ac (vac). The meter you choose 
doesn’t necessarily have to provide exactly those settings. For example, I 
have one meter that offers dc voltage choices of 0.6, 3, 15, 60 and 300-1- 
for a setting. There is no specific setting for 12 vdc, but this doesn’t mat¬ 
ter. By putting the meter in the 15 vdc range, 12 vdc can be measured 
very accurately. 

The meter you purchase should also be capable of measuring resis¬ 
tance (in ohms —the “O” of VOM). To many newcomers, reading ohms 
is useful only to check the value of resistors. This is actually the least 
useful way to use a VOM. (Resistors are already color-coded as to value 
anyway.) Resistance tests are useful for checking such things as continu¬ 
ity (a complete and continuous electronic path). 



FIG. 1-7 The selector switch of a typical V^OM. 
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A third function on many VOMs is current reading. An analogy of¬ 
ten used is one that compares electricity in a wire or circuit to water in a 
hose. In this analogy, current would be like the number of gallons per 
minute of water, with voltage being the force or pressure of the water. 
The milliameter function of a VOM measures the quantity of electricity 
in thousandths of an amp. It’s very rare to need this function when test¬ 
ing or repairing appliances. Usually, if you need to measure current 
flow, that flow will be greater than 1 amp and could be as high as 50 
amps. A special meter is needed for this. 

Carefully read the instruction manual that came with your VOM. 
The operation of each model and style of meter is slightly different. Also, 
meter scales read differently, so be sure to study your meter’s scale or 
digital readouts so that you can interpet the meter or dial readings the in¬ 
strument gives. 

A VOM can be damaged internally if it is set to read resistance (the 
ohms scale) and then the probes are connected to a voltage source. Be 
sure you know what you want to measure (volts, ohms, current) before 
connecting the probes or turning on any power source. It can also be 
damaged if you use the correct setting by the incorrect range (set to read 
3 vdc while probing a 60 vdc circuit). 

The following sections will give you the basics of using a VOM. If 
you are not familiar with its use, be sure to practice with the meter and 
learn its functions well before probing inside one of your appliances. 
Take readings of the various outlets in your home to check the ac voltage 
scales. Test old batteries to get used to the dc scales. Use unplugged ex¬ 
tension cords to get practice in testing for continuity —to see if the wire 
is broken (or “open”). 

In short, get used to the meter before you have a real need to use it. 

TESTING FOR VOLTAGE 

As you’ll learn in this book, finding the cause of a malfunction (diagnos¬ 
tics) is nothing more than a process of elimination. There are only so 
many reasons why something fails to work as it should. 

Assume that an appliance has failed completely. There are just four 
places that the problem could be. It’s possible that there is no power 
coming into your house; or that the trouble is between the house service 
box and the outlet; or it might be getting that far but can’t get into the d(i- 
vice due to a faulty power cord; or it could even be something in tlu’ aj)- 
pliance itself. 

The VOM will help you to track it down quickly. 

Before you even get out the meter, eliminate the obvious, such as the 
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FIG. 1-8 Testing a wall outlet for power. 


appliance being unplugged. If it is plugged in (are you sure?] the VOM 
can be used to test for voltage at the outlet. 

It’s possible to test the outlet by plugging in a lamp or another appli¬ 
ance. However, there are times when the incoming voltage is present, 
but not high enough in value to operate that particular appliance. A 
lamp, for example, might look normal, when in fact the incoming volt¬ 
age is insufficient for your device. Testing with a VOM will tell you for 
sure. If your area is prone to "brown-outs," using a meter to test the outlet 
is especially important. 

To test a wall outlet, set the meter to the correct ac voltage range 
(120 vac for a standard wall outlet, and 240 vac for heavier appliances). 
Keep in mind that you are probing potentially deadly voltage. Hold the 
probes by the insulated handles only! Do not touch the metal of the 
probes. 

Very carefully insert the two probes into the flat slots of the outlet. 
The meter should read 117 volts on the scale, or very close to it. With a 
grounded outlet (two flat slots and a round one), 3^011 should be able to 
get the same reading between the ground (the round hole) and the slot 
with the incoming line, but not between the ground and the other slot. (If 
you get a reading between the ground hole and both flat slots, it’s time to 
call in an electrician.) 
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120 15 AMP 120/240 30 AMP 






FIG. 1-9 Typical outlets; standard 120 vac wall outlets and 
240 vac outlets. 

With a 240 volt outlet, set the meter to read in the correct range and 
probe the slots in the same way. If everything is normal, you’ll get a read¬ 
ing of 117 volts between the lower slot and each of the two upper slots, 
and a reading of about 234 volts between the two upper slots. 

If you get the proper readings at the outlet, you’ve just eliminated 
two of the four possibilities. In fact, even if you don’t get the proper read¬ 
ings—assuming you’ve used the meter correctly —two of the four have 
been eliminated. If the readings are correct, then power is getting to the 
outlet and the problem is either in the cord or in the appliance. If the 
readings aren’t correct, then the appliance is probably fine (or it has a 
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short circuit that is causing the fuse or circuit breaker to blow). The prob¬ 
lem is either with the power company, or someplace between the service 
box and the outlet. 

In a few cases, an appliance will have a built-in power supply that 
takes the incoming 120 vac and converts it to other values of ac, or to var¬ 
ious values of dc. Quite often these are marked on the appliance. Mea¬ 
suring is the same as measuring voltage across any wires. Keep in mind 
that electricity has to have a complete path in order to work. It has to 
come in somewhere, go through the circuit, and then exit in a complete 
path back to the supply. 

When measuring dc voltage or current, the polarity of the test leads 
is important. Direct current (dc) is current moving from point A to point 
B in a circuit in a single direction. Theory assumes that current moves 
from source (the “hot” side of a circuit) to ground. The common or 
ground lead of the meter goes to the ground side of the circuit, the red 
probe goes to the hot side to read dc voltage or dc current. Check, and 
then recheck, the polarity of the test leads connecting voltage to a circuit 
before applying power. If hooked up backwards, a meter with a moving 
needle will have the needle deflect downward, in a reverse direction. 
Digital meters will display a — (negative) value. To get correct readings, 
just reverse the polarity of the probes. 

Check (and then recheck) the range of your meter before applying 
power. You can damage the VOM by trying to read voltage from a sup¬ 
posed 50-vdc source when your meter selector switch is set to the dc 0-5 
volt scale. 

It is not necessary to observe polarity when measuring ac voltages. 
Alternating current moves back and forth in a wire or circuit, first in one 
direction and then the other. Like resistance, ac voltage and current can 
be checked without worrying about which probe is on the negative and 
which is on the positive terminal of the power source. 

When testing ac voltage, be sure that you locate and identify the spe¬ 
cific ac connections before probing. For dc, it’s generally not as critical. 
You can often safely touch the black probe to any known ground and 
then use the red probe to take the readings. Never touch the black probe 
to the chassis (and the red to the suspected spot) to test for ac voltage. 
The meter becomes a part of a complete circuit in this case and can make 
the entire appliance deadly to touch. In an appliance where both ac and 
dc are present, be careful that you know which wires and connectors car¬ 
ry which voltage, and at what value, before probing. 
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TESTING FOR CONTINUITY AND RESISTANCE 


If there is power at the outlet but the appliance is dead, the trouble could 
be a damaged power cord. It is sometimes possible to probe the connec¬ 
tors where the ac voltage enters the appliance. Even so, it’s best to test 
the cord and connectors by checking for continuity. 

As mentioned in the section above, for electricit}^ to work, it must 
have a complete and continuous path. If that path is broken anywhere, 
current stops flowing. In a power cord, if one of the two wires is broken 
or has come loose from the connector, the pathway is no longer com¬ 
plete, and there is no continuity. 

The resistance (ohms) setting of your VOM will let you test for conti¬ 
nuity. In simple terms, if the wire being tested is intact, you’ll get a read¬ 
ing very near zero ohms (no resistance to current flow). For a meter with 
a needle, this will show by the needle swinging full-scale all the way 
across the meter. If there is a break in the wire, the needle won’t move, 
indicating that the resistance is infinite (no continuous path, and no 
continuity). 

Testing for continuity is one of the best diagnostic tests you can 
make in appliance repair. First be sure that the appliance being tested is 
turned off and unplugged. If you’re testing the power cord, you’ll have to 
be able to access both sides of the cord. This means that if the cord 



FIG. 1-10 Testing a power cord for continuity. 
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doesn’t unplug from the appliance itself, you’ll have to open the appli¬ 
ance to get at the connectors inside. 

Put the selector switch of your VOM into the resistance (ohms) 
range. The actual range isn’t critical, but it is generally best to use the 
lowest setting possible. (This is usually the Xl range.) Touch the ends of 
the two meter leads together. The meter should indicate zero ohms, or no 
resistance. The meter is showing that there is an unbroken, continuous 
path from one probe to the other. If there is a slight reading, use the “zero 
adjust’’ control on the meter to set for zero. 

Now touch one of the probes to one side of the wire and the other 
probe to the other side of the same wire. You should get a reading of zero 
ohms. 

To test for a short circuit along the cord, touch one probe to one of 
the two wires, and the other probe to the other wire. A reading of infin¬ 
ity—which is what you want —shows you that there is no path between 
the two legs. Any reading at all shows that current can flow between the 
two wires —and it shouldn’t. 

In sequence, touch the other probe to each of the three prongs on the 
plug. One of the prongs should show continuity (zero ohms) to the wire 



FIG. 1-11 Testing a power cord for a short circuit. 
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at the other end, the others should show open (a reading of infinity, and 
no deflection on the meter). 

This is also one swift way to trace a wire from one point to another, 
to see which wire is which in a circuit. When you read continuity, you 
know those two points are wired together someplace or other in the ap¬ 
pliance. If your meter indicates “open” (no connection) from any of the 
three prongs to the other two, you have no short circuits in the cord. 

In turn, move the probe at the open end of the cord to the other two 
wires, and make sure that each shows continuity (zero ohms) to one 
prong, and open (infinite resistance) to the other two. The same type of 
meter test can be made with one of the simpler push-on type of clamping 
replacement plugs, if the end of the cord away from the plug is also ex¬ 
posed. If it’s a two wire plug, the VOM must indicate that you have con¬ 
tinuity from one prong to one wire, and an open circuit from that same 
prong to the other wire. It must also indicate continuity from the second 
prong to the second wire, and an open from the second prong to the first 
wire. 

Testing for resistance is an excellent way to find out if a particular 
component or element is starting to give out. A heater element, for exam¬ 
ple, can be tested easily with a meter. With the power off and the appli¬ 
ance unplugged, disconnect one side of the element. Set your VOM to 
read resistance and touch the probes to the two ends of the element. You 
should get a reading near zero ohms. If there is no meter deflection, the 



FIG. 1-12 Testing a switch with a VOM. 
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element has become “open” and there is a break in the wire. A reading 
that is not infinite (no deflection) but shows a high resistance is a sign 
that the element is starting to wear out. Either way, it’s time to replace 
that element. 

This same kind of testing can be used elsewhere in the appliance. 
(Always be sure that the power is off and that the appliance is unplugged 
before you begin.) By touching the probes to two ends of a wire, you can 
determine if a complete path exists (continuity) or if there is a break in 
that circuit. It can also be used to test for short circuits by touching one 
probe to the chassis of the appliance and the other to the suspected com¬ 
ponent. 

Even switches can be tested with the VOM. Find the connectors 
across the switch and touch these with the probes (again with the power 
off, the appliance unplugged, and the meter set to read ohms). With the 
switch in the off position, there should be no reading; and with it 
switched on, there should be a reading of zero ohms. If this doesn’t hap¬ 
pen, the switch is bad. 

TESTING FOR CURRENT 

Current is the amount of electricity in amps flowing through a circuit in 
order to make it work. To measure current the meter must become an ac¬ 
tual part of the circuit. You can measure resistance or voltage by placing 
the meter across (in parallel) with the circuit, with one probe touching 
one end of a wire or on one terminal and the other probe touching the 
other end of the wire or a second terminal. Current can only be metered 
from within a circuit. 

To give a practical demonstration, take a working circuit consisting 



FIG. 1-13 On a 120-volt ac outlet, the reading between A 
and B and between B and C should be approximately 117 
volts. The reading between A and C should be zero. For a 
240-volt ac outlet, the reading between A and B should be 
approximately 234 volts, and the reading between A and C 
or B and C should be 117 volts. 
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of a battery-operated transistor radio. You can measure the voltage of the 
battery or of points in the circuit by putting the common (ground, or 
black) probe of your meter on the negative side of the battery, by moving 
the red (hot) probe to the positive terminal of the battery or to other ran¬ 
dom circuits in the radio. Resistance may be read by disconnecting the 
battery (never read resistance while voltage is being applied), and con¬ 
necting the two probes to any two different points in the radio circuit 
board. 

In order to determine the amount of current used when the radio is 
operational, you must disconnect one terminal of the battery from the ra¬ 
dio, while leaving the other battery terminal properly connected. Say 
you have disconnected the ground end of the battery, while leaving the 
positive terminal connected. Now be sure the meter selector is in its 
highest dc current position. Then connect the black (negative or com¬ 
mon) probe to the negative terminal of the battery, and the red (hot) 
probe to the point in the radio where the negative battery terminal nor¬ 
mally connects. The voltage from the battery will force a current to flow 
through the now completed circuit —from negative terminal of the bat¬ 
tery through the on switch, then on through the radio, through the meter, 
and back to the hot or positive terminal of the battery. In this process, the 
current flow will cause the meter to read, and you will be able to deter¬ 
mine the amount of current in amps, milliamps (thousandths of an amp) 
or microamps (millionths of an amp) that is being used to make the radio 
operate. 

Most VOMs are capable of reading current only in the milliamp 
range. This is fine for measuring the amount of current consumed by a 
transistor radio. It’s not enough to test for current in a “Fry Daddy.’’ An¬ 
other kind of meter, and an expensive one, is needed for that. 

Fortunately, current measurements are seldom necessary in appli¬ 
ance repair. If you can quickly and accurately make resistance and volt¬ 
age measurements, you will be competent to do most of the diagnostic 
work involved in basic small appliance troubleshooting. 
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Chapter 2 

Safety 


It’s tempting to get out the tools and tear into that malfunctioning appli¬ 
ance. But even if you’re an old hand at handling electricity and ma¬ 
chines that use electricity, take a few moments to review the basics given 
in this chapter. (If you are an old hand, you’ll also realize just how im¬ 
portant this review is.) 

If all appliances were operated by battery, there would be no real 
danger. The dc voltage from a battery isn’t nearly as dangerous as is the 
ac voltage used by your appliances. 

Some years ago the United States Navy responded to the potential 
dangers of ac voltage by conducting a very thorough study of the subject, 
particularly the effects of current on the human body. The results of the 
study showed that it takes surprisingly little current for ac voltage to 
cause harm. Just 1 milliamp (1/lOOOth of an amp) is enough to be felt. 10 
milliamps (1/lOOth of an amp) is sufficient to cause muscle spasms and 
paralysis. At this point, the person being shocked will be unable to let go 
of the source of the shock, and is likely to actually grip it more tightly. If 
the current is increased to 100 milliamps (1/lOth of an amp) and contin¬ 
ues for more than just one second, the usual result is death. The most im¬ 
portant muscle in your body, your heart, will become paralyzed. You 
can’t live long under those circumstances. 

This isn’t meant to scare you —although it should. The purpose is 
merely to let you know that you are definitely vulnerable. A flow of elec¬ 
tricity of just 1/lOth of an amp can be fatal, and you’re dealing with a 
much greater flow than just a tenth of an amp. 

A standard wall outlet in your home will be protected by a circuit 
breaker or fuse that can handle 15 amps. Other outlets might be going 
through a 20 amp or larger breaker or fuse. Large appliances will normal- 
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ly go through a circuit breaker or fuse capable of handling between 30 
and 100 amps, depending on the appliance. 

Even that relatively small outlet, then, can easily carry 150 times the 
current needed to be fatal. And that is for an almost indefinite period of 
time. Before that breaker or fuse lets go, or the wires in the walls melt, 
the current flow for a few seconds can be almost limitless —thousands of 
times more than your body can tolerate. 

There are other dangers as well, such as heat and the risk of injuring 
yourself physically through carelessness. As has been mentioned before, 
you can successfully handle most repairs yourself. You can also handle 
them in perfect safety if you just pay attention to a few basic rules. 

The money you’ve saved in doing your own repairs will be of little 
benefit (except to your heirs) if a careless accident while working on a 
device costs your life! For this reason, you must learn and consistently 
observe a few sound rules of technical safety before attempting to work 
on any appliance. 

SAFETY RULES 

Safety is really nothing more than a matter of common sense care. The 
rules of safety have been designed to prevent accidental injury. 

General practices in professional machine shops and those followed 
by electrical workers are good ones for the home do-it-yourselfer. The 
safety tips listed in this chapter should be reviewed frequently and ob¬ 
served at all times while working on small appliances. 

There are two basic reasons for observing the rules of safety. The 
first and most important is to protect your own safety. If you are careless 
and injure yourself, then you shouldn’t be a do-it-yourselfer. Leave the 
job to someone else. You can replace the $50 you spend. You can even 
replace the entire appliance if need be. You can't replace an eye or a life. 

Of secondary importance, but still important, is the safety of the ap¬ 
pliance on which you are working. It doesn’t do much good to save $30 
or so in making the repair, only to waste $100 from damage you’ve done. 

Quite often the two are interlinked. What protects you will often 
protect the appliance. This makes it doubly important to learn the rules 
of safety, and practice them until they become the natural way of work¬ 
ing. 

The following is a list of the most important factors for personal 
safety. Read them carefully. Better yet, read this section carefully and 
then post a copy of the list on page 32 in your work area and read that 
each time before you begin work. 

1 . Dress properly. Wear full-length pants covering your legs. No 
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shorts, skirts, or clothes that have holes in them. A canvas lab apron can 
be used to cover your clothing if you wish to protect it, but it’s best to 
work in old clothes that can be easily discarded if accidentally torn or 
stained. The complete covering from pants or a lab apron or overalls is to 
protect you from burns or shock while soldering or using electric equip¬ 
ment. 

It is safer to wear rubber-soled shoes or to stand on a rubber pad 
when working with electricity. Never go barefoot, stand on concrete, or 
on the ground outside while working with anything electrical. Also, 
never work with electricity in an area where water has spilled on the 
floor or while standing on damp earth. 

Protect your eyes. It’s a good idea to wear shatter-proof glasses or 
safety goggles when soldering or working with motors that spin at high 
speed. Specks of grit or metal or hot solder flicked into an eye can per¬ 
manently blind a worker. 

2. Remove all jewelry. Metal jewelry is an excellent conductor of 
electricity. Keeping it on while working with electricity can lead to a 
harmful or fatal shock. Also, jewelry and loose belts or a tie can quickly 
become caught in moving machinery or gears when you are involved in 
repair work. This can lead to the loss of limbs, or loss of life if the equip¬ 
ment is big and powerful enough. 

3. Follow the one-hand rule. Just as current flows from one side of a 
wire to the other, it can flow through your body. If both your hands come 
into contact with the circuit, the current flows through the body —across 
the chest and heart regions —which is very dangerous. Always keep one 
hand in your pocket or behind your back when measuring current or 
voltage. Some workers will use a metallic band around the wrist of the 
working hand, with a wire constantly attached from that band to electri¬ 
cal ground. Then, if a finger, knuckle, or elbow accidentally touches a 
hot line, the current runs through the shortest path to ground — through 
the hand or arm, to the wristband and its connecting wire to ground. 

4. No food or drink. Do not work while consuming food or liquids. 
Spilled liquid becomes a short circuit path that can damage equipment, 
and spilled liquid or food can become a corrosive agent that can damage 
the appliance sometime in the future. Having food or drink nearby while 
you are working is also a distraction. It's more difficult to concentrate on 
probing that wire if you have a soft drink at hand. If you’re hungry or 
thirsty, it’s time to take a break. Go in the house, and have your snack 
while enjoying some television (or while reading the applicable sections 
in this book). 

Never, never consume alcoholic beverages while working around 
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electricity or power tools! Alcohol is a depressant. Your reactions and 
coordination are both lessened. Even a single beer can reduce your abili¬ 
ties enough to create a danger, and often you won’t realize it until it’s too 
late. 

5. Keep the work area clean. The floors and desk or table top in your 
work area must be kept clean and free of any litter that might cause 
someone to slip, trip, or stumble. Some litter, if metallic, could even 
cause shock or a fire-generating spark if it hits “live” electrical circuits. 
A buildup of dust and dirt can make the job more difficult. It can also get 
into the appliance and create a number of future problems. 

6. Have the proper work attitude. Don’t clown around or engage in 
horseplay while using tools or working with power-driven devices. 
Many painful injuries are caused by the careless and thoughtless antics 
of a would-be comedian. Do not talk to or distract anyone when they are 
working with electrical devices or with potentially dangerous tools. And 
don’t let anyone do it to you. If your long lost brother walks in while 
you’re pulling out a heating element, stop what you’re doing and give 
him your full attention. Or ignore him and give the appliance your full 
attention. You can’t safely have it both ways. 

7. Use the correct tool. Each tool has a particular function. Don’t at¬ 
tempt to hammer with the handle of a screwdriver or use the point of a 
knife to turn a screw. Slips in attempting to use the wrong tool for a job 
are a major cause of cuts and bruises in workshops. And do not use any 
of your tools if they are not in proper working condition. Additionally, it 
is important to use the right size tool for the job at hand. It might be 
tempting to remove a screw with the closest screwdriver, regardless of 
blade size. Don’t. 

8. Cut away from the body. When using any type of cutting tool, 
make sure to slice or cut away from your body. If you slip, about the 
worst that will happen is that you’ll damage the thing being cut. But at 
least you won’t find yourself sitting there at the work bench trying to fig¬ 
ure out how to get a knife out of your leg. 

9. Take care of injuries immediately! Take competent care of any 
injury that does occur at once. Even the slightest cut or burn can develop 
serious complications if not properly treated in time. 

No workshop, and certainly no home, should be without a complete 
first aid kit. Everyone in your home should also know how to use the kit. 
A first aid kit is all but useless if no one knows how to use it. (Worse yet 
are those homes that have a first aid kit and no one even knows where it 
is!) 

Every area in the country has classes available in first aid, up to and 
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including CPR courses. These classes are either free or very inexpensive. 
An accidental electric shock that stops your heart need not be fatal — 7 / 
someone in your home knows how to handle the emergency. 

10. Unplug! Before you begin working on an appliance, be sure that 
the plug has been removed from the outlet. It’s not good enough just to 
shut off the switch. There will be times when you’ll have to have power 
applied to carry out a test. That’s fine. In this case, your conscious and 
deliberate action will be to plug in the appliance. After the test is done, 
unplugging it again should be such an automatic reaction that you hard¬ 
ly realize that you’ve done it. 

Many a finger has been lost by repair persons who took apart a dis¬ 
connected fan to effect a repair, fixed the fan motor, plugged it in to test 
it, turned it off, then forgot to unplug the appliance before putting it back 
together. Accidentally hitting the power switch, the blades can swiftly 
become a human meat slicer! 

Unplugging also applies to power tools. Never leave a soldering iron 
or a piece of electrical equipment under repair while it is still turned on 
or plugged in to a wall outlet. Don’t leave the work area for any reason 
until you have double checked to make sure that all heat sources have 
been disconnected and that all potentially dangerous items have been 
put away in their proper place. 

Young children are adept at finding an opportunity to play with 
dangerous power tools or around electrical appliances that may contain 
short-circuits or mechanical malfunctions. If you can’t fix it right away, 
put it away! 

11. When in doubt —DON’T. The line voltage that powers the appli¬ 
ance is dangerous. Even more dangerous is overconfidence. If a situation 
comes up and you don’t really know how to handle it, stop! It’s time to 
think things over. And if you can’t figure it out, call in a professional. 


Safety Rules 


1 . Dress properly 

2. Remove jewelry 

3. Use the one-hand rule 

4. No food or drink 

5. Have the proper work 


6. Keep the work area clean 

7. Use the correct tool 


8. Cut away from the body 

9. Take care of injuries 


attitude 


10. Unplug! 

11. When in doubt—DON'T 
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DANGER SPOTS 


Most of the dangerous spots in an appliance are obvious. By now you re¬ 
alize that anywhere that ac line voltage is present is a spot to be avoided. 
Avoiding anything hot is another obvious danger. Then there are the var¬ 
ious mechanical dangers, such as sharp metal edges, screws, and fasten¬ 
ers, and various parts that may suddenly snap or shatter. However, not 
all danger spots are quite as obvious. 

If one of the ac lines has been damaged in some way, it could be 
touching the metal chassis. This can also happen if you accidental!}^ (or 
purposely!) cause a short between the incoming line voltage and the 
chassis. In essence, this could make the entire appliance a dangerous ac 
source. You can’t see if voltage is present. The simple solution is to un¬ 
plug the appliance before you work on it. 

Heating elements are used in many appliances. Even those that 
don’t actually have a heating element can have parts that get hot during 
operation. Many people make the same mistake with heat as they do 
with electricity. They expect to be able to see it. Although it is some¬ 
times visible, such as when a heating coil glows, it isn’t always. If you 
can safely do so, and without actually touching anything, move your 
hand over the top of any suspected hot components. Heat rises. If heat is 
present you should be able to feel it. 

There is another danger that many people never think about, until 
they’ve experienced that danger first hand. This danger involves capaci¬ 
tors, or “cans” (so-called because that’s just what they look like). Capaci- 



FIG. 2-1 A large capacitor can hold a dangerous charge. 
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tors are electronic devices which can be used in several ways. One use is 
to separate or “filter” different types of current —ac and dc. A capacitor 
blocks dc, while allowing ac to pass easily. If a particular appliance is 
prone to RF (radio frequency) interference, capacitors can be used to 
pull that RF signal away from the appliance and to a ground. These ca¬ 
pacitors are usually very small and present no danger. 

The capacitor can also serve as a sort of temporary battery, storing a 
charge until it is needed. If the applicance has some sort of electronic cir¬ 
cuit board with transistors or IC chips, then there will be a power supply 
for the device, which converts wall outlet ac to the dc needed to operate 
these solid-state devices. Capacitors are a major component of power 
supplies and are used to smooth the voltage fluctuation. The partially 
converted incoming voltage flows into the capacitor where it is stored 
and then released in a steadier flow. This works fine as long as the power 
is flowing; and if everything is working properly, the capacitor will 
drain itself of charge through a resistor after the power has been shut off. 

Another use of a capacitor also takes advantage of the capacitor’s 
ability to hold a charge until it is needed. Electric motors and compres¬ 
sors draw large amounts of current when they first start up. This extra 
drain presents two problems. First, the fuse or circuit breaker could 
blow. Second, since a relatively insufficient amount of current is flow¬ 
ing at startup, the motor or compressor can’t do its job as well and will 
wear itself out more quickly. A startup capacitor solves these problems 
by providing a boost. 

However, any capacitor can hold a charge for a long time, long after 
power has been turned off or after a power cord has been disconnected 
from the wall. Make it a point to short out large value capacitors with an 
insulated screwdriver (after the power cord is disconnected), before at¬ 
tempting to work on the appliance. To short out the capacitor, place the 
metal shaft of the screwdriver against one terminal of the capacitor and 
simultaneously touch the point of the screwdriver to ground, and then to 
repeat the process at the other terminal. Any charge left will short circuit 
harmlessly to ground, instead of later jumping through your hand to 
your chest. 

There is another danger well worth mentioning here —a fire hazard 
in every home which few are aware of, and which few take prev^entive 
maintenance steps to avoid. Household dust, especially when it be¬ 
comes moist, can be a very effective conductor of electricity. 

All wall outlets, light switches, and overhead and wall light fixtures 
are mounted in small metal or plastic boxes called electrical cases. 
These boxes are screwed or nailed to the studs or framework of the 
house, and then the outlet, switch, or light fixture is mounted over the 
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case. The exposed (stripped of insulation) wire is wrapped around screw 
taps or solder connections, providing an electrical path to the outlet. 
Over periods of months and years, the outlet boxes become filled with 
dust. Some dust particles are flammable, as well as conductive. When 
an appliance is plugged in or out or a switch turned on or off, there can 
be a slight electrical spark when current first reaches the contact. This is 
caused when the contact is slightly corroded or otherwise not as solid as 
it should be. The spark that results is the number one cause of household 
fires in the United States. The most frequent occurence is when an iron 
or a space heater, drawing heavy current, is pulled from a wall outlet or 
plugged into an outlet while the appliance is on. A spark naturally oc¬ 
curs when electricity jumps to the circuit being completed or opened by 
insertion or withdrawal of the plug. 

Never plug an appliance in or remove a wall plug unless the power 
switch for that appliance has been turned to the off position. And it’s a 
good habit once a year to remove all plastic wall plates covering outlets, 
switches and fixtures. Carefully use a plastic (insulated) extension on a 
vacuum cleaner to dust out the outlet boxes. If the vacuum attachment 
won’t reach into the small areas, blow hard to get loose dust out, or use a 
small air compressor to blow out the dirt and grime. 

APPLIANCE SAFETY 

After you’ve made sure that you are safe, you can consider the safety of 
the appliance. All that is really needed is common sense. 

If the appliance you are lifting is heavy, protect yourself and the ap¬ 
pliance by getting help. Even then, be sure that you and your partner are 
using the proper lifting technique. Lift with the legs and not with the 
back. If you’re bent over, you’re not doing it right. The correct motion is 
an almost straight up-down motion, with the force being supplied by 
your legs. 

If you feel the appliance slipping from your grip, don’t be too proud 
to admit to it (immediately!) and set the appliance down again for a bet¬ 
ter grip, or a rest, or to simply abandon the attempt until even more help 
can be secured. 

One of the greatest difficulties that both the novice and the old pro 
run into is that of removing or replacing the fasteners. Screw heads strip, 
making it difficult or impossible to move them. Worse yet, a screw or 
bolt can break. 

In replacing those fasteners, many people have difficulty in getting 
the screw into the hole. So it goes in at a strange angle and is forced to cut 
new threads. This is not a valid function for a screw. Take your time, use 
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the right tool for the job, and do it right. The day could come when you’ll 
want to remove that screw again. (You also don’t want to inadvertently 
have the screw cut into a wire.) 

Some appliances have hidden fasteners. Others use plastic clips to 
hold things in place. With both, it’s easy to damage the appliance — 
sometimes beyond repair —if you’re not careful. 

If the part you’re trying to take off doesn’t seem to want to move, 
don’t force it. Look carefully for something else that’s holding it. (See 
Chapter 4 for more information on disassembly and assembly.) 


FIG. 2-2 Look for hidden screws 
and fasteners. ^ 
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Chapter 3 

Fundamentals of Electricity 


To better protect yourself and the appliance, and to make the job easier, 
you should have at least a basic understanding of what electricity is, and 
how it does what it does. This is not a difficult or complicated subject. 
Most of it is merely a matter of understanding the terminology and learn¬ 
ing the definitions of the words used. (To help with this, a glossary is 
provided at the end of this book.) 

It’s important to know the terminology. Without it you might be able 
to fix the appliance well enough, but you won’t be able to communicate 
very well should you need parts or the advice of a professional. (“I need 
one of those round things that screws into that square-kinda thing over 
in the lower back corner by that long skinny thing.”) 

Knowing a little about how electricity makes things work can also 
help you in other ways. First and most important, when you understand 
how electricity does the job, you are less likely to be injured by it. Sec¬ 
ond, your understanding can also make it much easier to diagnose and 
handle malfunctions. 

The main thing to keep in mind is that electricity always requires a 
complete path to work. (It’s surprising how often even seasoned profes¬ 
sionals forget this simple rule.) This is true for both ac and dc. 

Think of a battery, such as the one you use in a flashlight. It has two 
sides. One is flat (the negative side), and the other has a small bump 
sticking up from it (positive). If you connect just one side of the batter}^ 
to a device, nothing is going to happen. 

The electricity often passes through a number of wires and compo¬ 
nents. If a break happens anywhere in that path, things can come to a 
grinding halt. At the very least, the way things operate in the appliance 
is going to change. 
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If everything stops working, nearly every time you’ll find the prob¬ 
lem in just one of two areas. Either the power isn’t getting to the device 
in the first place, or there is a break in the pathway. This break could be 
something simple like a broken wire or blown fuse. It could also be from 
a faulty component that won’t allow current to pass. 

FROM THE SERVICE ENTRANCE IN 

Power is carried along the heavy wires of the power company, through 
the large transformer that changes the primary voltage into the voltage 
needed in the home, and then through the meter and into the service en¬ 
trance of your home. This is the main breaker or fuse box. There may 
also be one or more secondary boxes. 

Everything up to the main breaker box is in the realm of the power 
company. Under no circumstances touch anything there. If there is a 
problem on that side of your service entrance, call the power company 
immediately and let them handle the rest. 

From the service entrance and into the house is your responsibility. 
Local ordinances might make it illegal for you to work on the wiring, but 



FIG. 3-1 The service entrance. Note the circuit breakers. 
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that just means that you must pay the cost of having a licensed electri¬ 
cian come out. 

Total service amperage for most home wiring circuits is 100 to 200 
amps, depending upon local housing codes. Most of the fuses or circuit 
breakers are 15 to 20 amp, and they control those circuits involving other 
household wiring such as to lights and wall outlets. Heavier 20- to 40- 
amp fuses or breakers are used for the circuits feeding 240-volt devices 
such as stoves, air conditioners, clothes dryers, etc. 

The service entrance is always supplied with a main switch or main 
breaker, which can disconnect electrical service to the entire house. It 
can also be used to cut off the power supply from the utility company to 
the breaker box so that circuits can be rewired or new circuits added. 

BRANCH CIRCUITS 

From the main box, the incoming power is divided (distributed) across a 
number of individual circuits. As mentioned above, these circuits are 
controlled, and protected, by fuses or circuit breakers. Usually wires 
connect together a number of outlets or lights. You might have both 
lights and outlets on a single circuit controlled by the same breaker. 

It’s important that you label these branch circuits at the service en¬ 
trance. If they’re not already labeled, it’s going to take some time and ef¬ 
fort on your part to figure out what goes where. 

Do this by a process of elimination. One way is to flip off a breaker 
and find out what outlets or fixtures are no longer powered. The other 
way is to shut all the breakers off and then flip them back on again one at 
a time to find out what is powered. This will also involve the use of a 
VOM to test wall outlets. 

Expect to spend the better part of a day at this, and lots of running in 
and out. A piece of masking tape stuck on the cover plate of each outlet 
after it shows power both eliminates that outlet from future testing and 
gives you a place to write a number or other code. As the job of tracking 
everything down continues, it then becomes easier and easier since 
there are fewer places to test. 

If there are 30 outlets in your home, the first test through might elim¬ 
inate 5 of them. Mark those and the next run through the house with 
VOM in hand will give you only 25 to test. And so on until all have been 
marked. 

Leave the lights switched on throughout the testings until they have 
been eliminated. This way you’ll know which breakers operate which 
lights and which switches. 

You’ll probably find that there is a logical order to the way things 
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are wired in your home. An outlet in the kitchen is unlikely to be pow¬ 
ered by the same breaker as one in the garage, for example. A room with 
multiple outlets and lights (which will be almost all rooms in your 
home) will probably not run all from the same breaker. 

FUSES AND CIRCUIT BREAKERS 

Despite all precautions, it’s possible for a short circuit or other malfunc¬ 
tion to occur in an appliance. If this causes a heavy flow of current, the 
wires in the wall can heat up and eventually melt. A fire could start. Af¬ 
ter this you won’t just lose the appliance —you could lose your home, or 
worse. 

Fuses and circuit breakers are safety devices to prevent overloads 
and to keep short circuits from causing wires to overheat to the point 
where they become fire hazards. Fuses are rated according to the amount 



FIG. 3-2 A fuse and a circuit breaker. 
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of current (amps) they can carry. When a circuit attempts to draw more 
current than the rated fuse value, it will burn out. 

A circuit breaker is much like an automatic switch. It is a modern 
replacement for old style fuses. Like a fuse, it will automatically turn off 
whenever a circuit overload or short circuit tries to draw more current 
than an electrical device is supposed to use. Unlike a fuse, the circuit 
breaker needs only to be reset to return electricity to the circuit. 

CHECKING FOR OVERLOAD 

When too many appliances or lights are placed on a single electrical cir¬ 
cuit the result is an overload. For example, a 15-amp circuit may be used 
to operate wall outlets in the living room and a hallway of a home. If 
lights in use are drawing a total of 7 amps, a TV set is on drawing one- 
half an amp, and someone then plugs in an electric iron that draws 10 
amps while heating —that’s a total of 17V2 amps on a 15-amp circuit. The 
circuit will be overloaded. Some of the lights will have to be turned off 
in order to use the iron there, or the iron will have to be moved to anoth¬ 
er room or plugged into an outlet from another less-used circuit in order 
to prevent the overload. 

A blown or burned out fuse indicates that you have placed an over¬ 
load on that circuit, or that some part of the wiring within the house or 
within an appliance plugged into one of the wall outlets has developed a 
short circuit. Visual evidence is readily available for a circuit where the 
safety device has tripped. If a plug-type fuse has blown, and you can see 
the open fuse strip through the small mica window, it is generally an in¬ 
dication of a circuit overload. If the fuse burned out due to a great deal of 
heat, blackening the window, it usually means a short circuit has oc¬ 
curred. 

Cartridge-type fuses must be checked for continuity on the resis¬ 
tance (ohms) scale of your VOM. Remove the fuse from its holder and 
probe it with your meter. If the meter shows no resistance (continuity) 
from one end to the other, it is still good. If it shows infinite resistance 
(an open circuit), the cartridge fuse is blown and must be replaced. 

With blown screw-in plug-type fuses, a 25-watt light bulb may be 
used to test a circuit. When the fuse blows, turn off the main or master 
power switch in the service box. Unscrew the blown fuse and replace it 
with the 25-watt bulb. Put the main switch back into the on position. If 
the bulb burns quite dimly, there is an overload and some appliance or 
light must be disconnected before the circuit can again work properly. If 
the bulb burns brightly, there is a short circuit. Go back into the house 
and disconnect lights and appliances one at a time, going back to the 
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fuse box each time to check the condition of the hulh. When unplugging 
an appliance or lamp causes the bulb to go out, you have found the unit 
containing the short circuit. Leave that appliance disconnected, turn off 
the main power, unscrew the light bulb and replace it with a new fuse. 
Turn the main switch back on, and take the faulty appliance to your 
workbench for a checkup. 

With circuit breakers, there is either a “red flag” (a red piece of met¬ 
al that shows through a window when a breaker is tripped) or the break¬ 
er switch will be moved over towards the “off” position. (With some 
breakers this movement is small.) To reset, just move the toggle switch 
all the way to the off position, then back to the on position. 

No matter what type of protection is used in the wiring circuits of 
your home, try to determine what caused the fuse or breaker to go before 
replacing or resetting. Disconnect some of the lights or appliances on 
that circuit, in case it was an overload. If the circuit then works fine 
when reset or with a replacement fuse, you might —one at a time —turn 
on each of the lights or appliances that were active when the first over¬ 
load occurred. This will help you determine if some of the appliances 
might have to be moved to another home circuit. 

If the new fuse continues to blow or the breaker keeps tripping even 
after all appliances, lamps, and ceiling lights have been turned off, the 
problem is probably a short circuit in the wiring itself. You will either 
have to get professional help from an electrician, or use your VOM to try 
tracing down that short circuit so you can fix it yourself. 

If the breaker (or fuse) holds with all lights off and all appliances 
disconnected, then —one at a time —turn on the light fixtures. If the safe¬ 
ty device blows when you turn on one of the lights, the short is within 
that lamp or its on/off circuit or its power cord or plug —or within the 
bulb itself. To effect a repair, see the Lamp servicing tips in Section Two 
of this book. 

If the breaker holds for all the lights, then carefully plug in and then 
turn on each of the appliances on the circuit. This way, you can discover 
which appliance was at fault and can begin repair work on that particu¬ 
lar appliance. 

In some instances, everything might work fine after the breaker has 
been reset or the fuse replaced. The short or overload which caused the 
trip could have been a temporary malfunction or a power surge from the 
utility company. This is particularly possible in periods of electrical 
storms, or when excessive electrical use by all consumers in a service 
area is causing lights to dim or flicker. 

A note of extreme caution. Never replace a fuse with a new one of a 
higher amperage rating, or by using a penny or piece of metal as a tempo- 
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rary replacement. This is a highly dangerous fire hazard. Always use re¬ 
placements of the exact same rating. Do not attempt to change fuses or 
work on a breaker box in the dark, or when standing on wet ground. 
Keep a flashlight handy on top of or beside the service entrance box, and 
stand on a dry, rubber mat if it has been raining or the ground is damp. It 
is a wise precaution to keep one hand in your pocket when working with 
fuses or breaker boxes. Throw the main power switch into the off posi¬ 
tion before working with individual circuits, and have someone else 
around to assist with first aid or in turning off the power in case of an 
accident. 

HOME WIRING 

In this section on electrical wiring, you will find a basic review of wiring 
circuits, a description of many of the terms used, working hints when 
handling electrical circuits and wiring, and a review of some specific 
problems and their cure. Working with electrical appliances is a lot easi¬ 
er, and a lot cleaner, than most mechanical work. But it is more danger¬ 
ous if you become careless or rushed. In a few communities in this coun¬ 
try, only professional electricians are authorized to do any repair or in¬ 
stallation of home wiring circuits. In most areas, though, it’s permissible 
for the home handyman to do the electrical work and then have it in¬ 
spected by local authorities. 

If any rewiring is to be done, whether the local code calls for an in¬ 
spection or not, the work must conform to standard wiring codes and 
practices. Some of these rules are listed in this chapter. You should ask 
your local building authority (inspector) for a copy of the local code be¬ 
fore undertaking any chores involving home wiring. Another good 
source of information is the National Electrical Code. It costs $15.00, and 
a copy can be obtained by writing to the National Fire Protection Associ¬ 
ation, Inc., Batterymarch Park, Quincy, MA 02269. 

Even if local regulations make it illegal for you to tackle the wiring 
in your home, the home handyperson can, of course, work on any home 
appliance without calling in inspectors or checking with outside au¬ 
thorities. Often, however, the addition of a new appliance to a home ne¬ 
cessitates a change in the wiring circuits from the fuse or breaker box or 
the installation of more wall outlets. 

Occasionally, it is necessary to provide a 240-volt outlet (instead of 
the normal 120-volt outlet) for a window air conditioner or some other 
high-wattage (high power consumption) appliance. In these instances, 
you can either hire a journeyman electrician or electrical contractor or 
you can do it yourself following the guidelines of this book. If you do it 
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Common Wire Types 

TYPE USE/COMMENT 

AC Commonly called BX; metal-armored cable 

HPD Asbestos covered wire; heat resistant 

NM Multi-wire cable 

NMC Same as NM, but moisture- and corrosion-resistant 

S Flexible cord, with stranded wire 

SO Same as S, but oil-resistant 

SP Flexible cord, rubber-coated 

SPT Flexible cord, such as used for small appliances 

T Solid wire with plastic insulation 

TW Same as T but moisture-resistant 

THW Same as T but moisture- and heat-resistant 


yourself, get an inspection by the city building authorities after you have 
completed the work. 

Again, check the local codes. In most instances you must obtain a 
building or an electrical work permit before starting the job. 

TYPES OF WIRE 

The type of wire used will depend upon your local electrical code and 
on where and how the wire will be used. For home wiring, the most 
commonly used is Type T. This is a single solid wire coated with plastic 
insulation. If the wire is to be in a wet area, then Type TM is used; if heat 
is present. Type TMH is used. 

An easy way to run multiple wires is to use a cable assembly. Inside 
the cable are several wires, each with its own insulation. The designa¬ 
tion on these cables is usually given as a number, such as 12-3 (3 wires of 
12 gauge) or 14-2 (2 wires of 14 gauge). 

Some electricians use metal-armored cable, commonly called BX 
cable but more correctly called Type AC. BX cable cannot be used except 
in areas that are always dry. The Romex insulation is either rubber or a 
heavy plastic coating. For use outside or in areas likely to become wet, 
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building codes require that Romex be installed through a sealed conduit 
or pipe (either galvanized metal or PVC plastic piping). In any house¬ 
hold work, it is best to use the same type of cable already in use for simi¬ 
lar circuits in your home. Special grounding circuits are necessary when 
connecting Romex to BX, or BX to Romex circuits. 

The size (gauge) of wire to be used depends upon the current it will 
be required to carry. The smaller the gauge number, the larger the wire. 
Eight-gauge wire is more than Vs of an inch in diameter, while 14-gauge 
wire is less than V 32 of an inch thick. The electrical cord supplying volt¬ 
age to most appliances is either 12, 14 or 16 gauge. Irons, microwave ov¬ 
ens, toasters, broilers and units using more power (those containing 
heating elements) draw more current and need a larger (lower gauge 
number) power cord than electric razors, lamps, or radios that draw rela¬ 
tively small amounts of current. 

Most home circuits work off a 15- or 20-amp fuse or circuit breaker. 
The wire for such a circuit must be of at least 12 gauge. If you are install¬ 
ing a new wall outlet to be used as a power source for a microwave oven 
or for a small room heater or air conditioner, it is best to use 10- or 12- 
gauge Romex or larger, since the appliance may use almost all of the 15 
amps from the house fuse or circuit breaker, especially when first turned 
on. It is best to isolate these circuits to only one or two outlets, since an 
overload will result if you try to operate too many other appliances on 
the same circuit that feeds a high-wattage device. 

For installation of wiring for a heavy-duty air conditioner or heater, 
consult local codes and experts. It may be necessary to install a circuit of 
a higher amperage for correct operation —for instance, a circuit breaker 
or fused circuit of 20 or 30 amps instead of the normal standard 15 amps. 
For this, wiring codes definitely specify 10-gauge or larger Romex feed¬ 
ing from the circuit box to the wall outlet. Use of too small a wire will 
lead to overheating of the Romex, and a potential fire hazard. This is 
what led the National Fire Underwriters Board to develop electrical 
codes. At times the specifics required of an installation might seem pet¬ 
ty, but don’t ignore them. 

Electrical codes specify not just the size of the wire but also the col¬ 
or of the insulation. This is to help protect the people working with 
those wires. (Imagine opening a box and seeing a collection of colored 
wires, with no idea of what any of them are carrying.) 



0 2 4 6 8 10 12 14 16 18 20 


FIG. 3-3 Wire gauges. 
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As has been mentioned, a complete path is needed for electricity to 
work. This means that one wire brings the current to the outlet, and an¬ 
other takes it back. The one bringing in the current is the “hot” wire; the 
one taking it back is called the return, the ground, or the neutral. 

The grounded wire is always white (assuming that the installer fol¬ 
lowed code). This wire can never be switched, fused, run through a cir¬ 
cuit breaker, or interrupted in any way. The only time you won’t find a 
grounded wire is when the outlet is supplying current for something op¬ 
erating only at 240 volts. 

The “hot” wire for ac voltage is usually black. By code it can be any¬ 
thing other than white or green in color (and certainly can never be a 
bare wire). 

Most modern wiring circuits use different metallic colorings. The 
“hot” side is generally considered to be the copper or brass-colored con¬ 
tact. The white-colored contacts, which are sometimes coated with nick¬ 
el or tin to become silvery, are used for the white wires, or the ground 
side of the circuit. (For a socket, the white wire goes to the screw shell, 
with the “hot” connected to the center contact of that socket.) A screw 




FIG. 3-4 How a junction box is hooked up. One wire is “hot”; the second is used as 
a neutral or return and is connected to the ground of the power company. The third 
wire is connected directly to ground to carry away voltage. Note that the “hot” wire 
is black. Reprinted by permission from Chilton’s Home Wiring and Lighting Guide by 
L. Donald Meyers /Kadnor, Pa.: Chilton, 1980). 
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contact that is green is the grounding wire, sometimes called the safety 
ground. The wire to it will be green, green with yellow stripes, or can be 
a bare wire. 

It might sound confusing, but there is a distinct difference between 
the grounded wire and the grounding wire. The grounded wire does car¬ 
ry current, but it carries it back to the service entrance and into the pow¬ 
er company’s system. The grounding wire —to the green contact, and 
what is often a bare wire — doesn’t carry any current at all during normal 
operation. Instead it serves as a safety and pulls the current away from 
the outlet or appliance and literally into the ground. Besides being used 
to pull the dangerous current away from an outlet, it is also directly con¬ 
nected to the metal chassis of an appliance. Then if something goes 
wrong, the metal body of the chassis or its parts (such as a motor) cannot 
hide a deadly charge because it has been discharged by the grounding 
wire. 

All this assumes, of course, that the wiring has been done correctly. 
It should also give you a good idea as to why color coding, and paying 
attention to the codes in general, is so important. Open an electrical box 
for ac voltage, see a black wire, and you know that it’s deadly unless you 
stop the power outside the house. 

SWITCHES 

Switches are lever, push-button, or revolving rheostat-type devices to 
make or break an electrical line; that is, they open or close a wiring cir- 



FIG. 3-5 A typical wall switch. 
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FIG. 3-6 Schematics of SPST and DPST switches. 

cuit in order to turn an appliance on or off. With the circuit closed, the 
switch is on and the circuit is energized. An open circuit results when 
the switch is in the off position, and no current flows to the appliance. 

Most wall switches in a home are of the single-pole, single-throw 
type (SPST). This means the switch is in use across only one line and ei¬ 
ther on or off. It is connected in series with the hot wire of a circuit (the 
black wire according to U.S. electrical wiring codes, although any color 
other than white or green may be used). 

A double-pole, single-throw (DPST) switch has four contacts. It 
splits both the hot and the ground wires of a circuit. One side of the 
switch is in series with the white, or ground wire; the other side of the 
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FIG. 3-7 Wiring diagram for a 3-way switch. 
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switch opens or closes the hot or black wire. The DPST opens or closes 
both wires when it is operated. 

In cases where two switches are used to control a single circuit (an 
inside and an outside switch for a porch light or a garage door-opener], a 
three-way switch is necessary. This type of dual control requires a three- 
wire cable between the two switches and the device to be operated. 

In addition to wire and switches, there are outlet sockets, outlet box¬ 
es, switch or junction boxes, and connectors to secure the Romex or BX 
cable to the boxes. 

Switch boxes, rectangular in shape, are made of galvanized metal or 
plastic and are used as the housing for switches or wall outlet plugs. 

Junction boxes are octagonal in shape and are used for joining 
(splicing) wires from different circuits, or for mounting fixtures such as a 
ceiling light. 

The outlets are either one-, two-, or four-plug sockets, designed to 
provide electricity when an appliance is plugged in. 

For new installations, you will also need solderless connectors, 
which are twist insulated caps that “screw” over the ends of two 
stripped wires that have been twisted together (spliced), electrical tape, 
and either straps or insulated staples to hold cable to wall and studs as it 
is being strung from breaker box to final location. 



FIG. 3-8 Electrical supplies. From left, wire cutters, wires and cords, fuses and 
breakers, and electrical tape. 
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TESTING AND REPLACING ELECTRICAL OUTLETS 


It’s likely that sooner or later you will need to replace an outlet. Over the 
years, inserting and removing a plug from the outlet will wear it out. Be¬ 
yond that, and despite everyone’s efforts at quality (hah!), things do go 
bad. If no power is coming to the outlet, yet the fuse or breaker and the 
wires are good, then it’s time to replace the outlet. 

Testing an outlet is easy. You need nothing more than your VOM, 
set to read in the 120 vac range. Since you’re working with ac, it doesn’t 
matter which probe you use for which hole. Just make sure that you hold 
the probes only by the insulated handles. 

First, put a probe into each of the two flat slots. The meter should 
show you a reading very near 117 volts. Next, put one probe into the 
larger of the two flat slots, and the other probe into the round hole be¬ 
neath. There should be no reading at all. If you do get a reading, the out¬ 
let or wiring has either been hooked up wrong in the first place, or has 
shorted. Finally, touch one probe to that same round hole and move the 
other probe to the second flat slot. You should once again get a reading of 
117 volts ac. 

This test shows that the narrower slot is bringing the needed ac to 
the outlet, that the grounded wire is carrying it back and completing the 
circuit, and that the grounding (the rounded hole) is functioning as a 
safety. 

It is recommended that you carry out the test several times, especial¬ 
ly if you’re not 100% comfortable in using the meter. 

The 117-volt reading is an average. It will fluctuate. A reading of 
anything from 104 to 127 is considered normal. A difference of a few 
volts won’t matter. However, you may get consistently high or low read¬ 
ings every time you test. This condition might require correction. Con¬ 
tact the power company. 

Some appliances will not easily tolerate changes in voltage. For ex¬ 
ample, a microwave oven will not cook properly if the supply voltage is 
too high. If the wall outlet used to feed your microwave consistently 
shows an output voltage of 125 to 127 volts, you might try operating the 
oven with a short (six foot or less) 10- or 12-gauge extension cord. This is 
a violation of a standard warning not to operate heavy-duty appliances 
with extension cords, and it is a poor solution. (You should call the pow¬ 
er company.) But when the voltage supply is too high, the cord can pro¬ 
vide the necessary voltage drop to bring the supply to the appliance 
down to the 117 or 120 volts needed to kick the microwave klystron into 
operation. 

Motors and heaters will work inefficiently if the suppl}'^ voltage is 
too low, and a low voltage will shorten the working life of these appli- 
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FIG. 3-9 To test a wall outlet, 
start by probing the two flat slots. 
The reading should be 117 volts. 



\ 



FIG. 3-10 Next put one probe 
into the round hole and the other 
into each of the two flat slots. The 
reading between the round hole 
and small slot should be 117; be¬ 
tween the round hole and the 
large slot, the reading should be 
zero. 
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FIG. 3-11 Changing an outlet. 



ances. If the supply from the outlet to be used is consistently below 110 
volts, then select another circuit for that appliance. It may be necessary 
to operate that particular appliance from a single (isolated) circuit, that 
is a dedicated circuit with no other electrical device plugged into it. 

Replacing the outlet is easy. All you need is a screwdriver, although 
a knife or wire stripper might be needed if the end of the wire has been 
sparking and is charred. 

First the most important step. SHUT OFF THE POWER AT THE 
FUSE OR BREAKER! If you’re not sure which one it is (all fuses and 
breakers should be labeled at the service entrance), shut down all power 
coming into the house. 

Remove the two screws that hold the cover plate and then lift that 
plate out of the way. Inside you’ll see the outlet, the wires going to it, and 
two more screws that hold the outlet to the box. Remove these two 
screws. 

You can now pull the outlet from the box. There is bound to be some 
stiffness to the wires, but don’t yank on the outlet. A firm pull will get it 
out far enough. 

Check once more that all power has been shut down. Although us¬ 
ing a meter is fine for this, don’t trust it. Go to the service entrance and 
double check that you have the power cut. 

The wires should be color coded, as specified above. If you’re iincer- 
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tain, simply get out some masking tape and label the wires. If necessary, 
clip off the ends (as little as possible) and strip back insulation to bare 
clean, shiny wire. 

All that’s left now is to reverse the procedure. Put the wires in place 
on the new outlet, tighten the terminal screws completely so that no bare 
wire shows (which will mean bending a loop in the direction of the turn 
of the screw if you’ve had to clip the wire), carefully push the outlet into 
the box, tighten those two screws, put the cover plate on, and tighten 
those two screws. 

Before you consider the job done, get out the meter and test the new 
outlet completely, both for power coming in and for the proper safety 
grounding. 

SOLDERING 

To do soldering correctly takes practice. And the place for that practice 
is not inside the appliance. If you’ve never worked with a soldering iron 
or gun before, practice first on some scrap wire. Learn how to do it prop¬ 
erly before you attempt it where it will count. 

Before you begin the job, be sure that the wires to be soldered are 

perfectly clean. If they’re not, sooner or later you’re going to have trou¬ 
ble. Clip off enough of the end of the wire so that the wire is clean and 
shiny. 

When making a splice or tap, be sure that the joint is ph^^sically 
strong. Solder is meant to create a joint that will conduct easily and that 
will resist corrosion. It is not meant to weld or glue the wires together. 

Hold the soldering tool beneath the joint. Once the joint is properly 
heated, it will melt the solder. Resist the temptation to melt the solder 


Soldering Tips 

1. All wires must be perfectly clean. 

2. Make the joint physically secure before you solder. 

3. Apply heat to the joint, not to the solder. Let the joint melt 

the solder. 

4. Use the solder sparingly. 

5. Test the joint for continuity. 
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FIG. 3-12 Learn how to solder correctly. 


with the soldering tool. If you do this you’ll end up with what is called a 
cold joint. This means that the solder has not properly adhered to the 
wire, and you’ll eventually have trouble with that joint. 

If you look at the soldering work of a pro, you’ll see that very little 
solder is used. There will be just enough there to “tin” the wires. You 
should never see blobs or drips of solder. If you’ve followed rule #3, the 
wires will melt the solder and it will flow evenly over the wires, turning 
them a shiny silver color. As soon as this happens, the job is done. Don’t 
keep adding solder. 

To make the job easier and more professional, take a few extra min¬ 
utes and pre-tin the wires to be joined. This gives the wires a light coat¬ 
ing of solder and will help to create a more secure joint. 

REPAIRING WIRING AND CONNECTIONS 

Not long ago we moved into a new home. It was then we discovered that 
our kitten had at one time or another decided that the lamp cord hidden 
beneath the couch was a wonderful chew-toy. Somehow the kitten sur¬ 
vived and became a cat. But it meant that the lamp had to be rewired. 

A number of things can happen that necessitate replacing a wire, ca¬ 
ble, or power cord. Tugging at a sharp bend in the cord may have caused 
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it to partially or completely break at the point of the bend. Rubbing ac¬ 
tion could have worn away or frayed the insulation, leaving wire ex¬ 
posed. In some instances, the exposed wiring could have led to a short 
circuit, causing the electricity to travel instantly from source back to 
ground. The jumping over of electricity from one point in a wire to an¬ 
other leads to an instantaneous demand for high current from the power 
source (a wall outlet), and can easily generate enough heat to burn a wire 
in half. 

Another potential problem is that someone may have stepped on the 
plug and damaged it, or that one lead of the two-wire cord may have 
been pulled loose either at the plug or as the cord enters the appliance. 

You, too, might have a kitten chew through a wire, forcing you to re¬ 
place it (and possibly the cat). 

When you need to replace a faulty power cord for an appliance, here 
are the recommended sizes: 

1. For clothes dryers, stoves, and large air conditioners, use 3-wire 
(grounded) 6- or 8-gauge cable or power cords. Use two separate fuses or 
breakers (or a double breaker) for a 240-volt appliance, protecting each 
of the two black wires (the two hot sides of the line). The white or green 
wire is the neutral line, or the center tap of the 240-volt source, and it 
should go to the ground terminal of the plug and the ground terminal of 
the appliance. 

2. For small kitchen appliances (toasters, broilers, mjxers, blenders, 
etc.) use 10- or 12-gauge wire or cable. It is best to operate frequently 
used kitchen appliances off of a 20-amp circuit in order to prevent over¬ 
loads. 

3. For lamps, radios, TVs, and movable appliances such as the vac¬ 
uum cleaner, replacement cords should be 2-wire 12- or 14-gauge. Small 
electric heaters need to be serviced by a 2-wire 12-gauge cable, on a 20- 
ampere circuit. 

The size of wire used for replacement cords is not all that important 
unless that appliance is drawing a lot of current. The easiest way is sim¬ 
ply to take the old cord (or a piece of it) along and match it for size with 
the new wire or cable that you buy. 

Many appliances and power tools come from the manufacturer with 
extremely short cords. The idea is that the owner is less likely to slice 
through the cord, or to knock over the appliance, if the cord is short. 
However, in some cases the cord is so short that you have to use an ex¬ 
tension cord just to be able to use the appliance or tool at all. Or you have 
to replace that supplied cord with a longer one. (It is never wise to at¬ 
tempt to operate irons, space heaters, stoves, microwave ovens, automat¬ 
ic irons (mangles), or air conditioners with an extension cord. The cord 
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mn\^ overheat —a fire hazard —and a residtant low supply voltage may 
shorten the working life of the appliance.) 

When replacing a cord with a longer one, or when using or repairing 
an extension cord, you must be careful not to go too long a distance. 
Voltage is lost if a wire is of too small a gauge over too long a run. If the 
wire fails to deliver the needed voltage to an appliance or power tool, not 
only will the device fail to work at top performance, but there is a danger 
that any electric motor and certain other components will burn out 
quickly. 

There are two “most important” considerations involved in the re¬ 
pair and installation of wiring. First, the ends of the wires involved have 
to be bright and clean before they are connected. Copper wire should be 
shiny and bright. If it is dull or blackish in appearance, either thoroughly 
clean the wire until is is bright and shiny, or trim back farther until you 
get shiny wire. If need be, replace the whole wire. Settling for less than a 
perfectly clean wire is dangerous. 

Second, the final connection must be physically solid and insulat¬ 
ed. This can be accomplished by using screw clamps, soldered connec¬ 
tions or solderless caps, and by covering the connection with electrical 
tape. For splices and taps, learn the proper methods for securing the 
wires together. Do this before you complete the job by soldering the 
joint. 

Never work on an electrical appliance while it is plugged into a 
power outlet. Disconnect the plug, and place the defective unit on a table 
or workbench. If the cord has been broken completely in two, the proper 
splicing procedure is simple (see below). 

SPLICES AND TAPS 

Joining the ends of two separate wires is called a splice. When a wire is 
joined at right angles to another continuous wire, it is called a tap. 

The first step is to remove insulation from the wire about 1 to IV 2 
inches from the end. When using a knife for this removal, cut a slant as if 
you were sharpening a pencil, but be careful not to cut or even nick the 
wire under the insulation. With wire strippers, insert wire into the hole 
or opening of the correct gauge, close the strippers and pull the insula¬ 
tion off. 

After peeling back the insulation, use your soldering iron or torch 
and some resin core solder to tin the exposed surface of the wire. This is 
not actually necessary with solid wire, but it is important with wire that 
is stranded. The tinning process does two things. First, it holds the 
strands together. Second, it provides a secure and permancnth' clean 
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FIG. 3-13 Using a wire stripper. 


end. (Copper will eventually corrode. Solder won’t.) The end result 
makes for a better electrical contact in the finished joint. 

Heat the wire with the iron, and apply solder. (Do not heat the sol¬ 
der to let it drip onto the wire. The wire, not the soldering tool, should 
melt the solder.) Shake off any excess, leaving the exposed end shiny 
and bright. If you’ve done the job correctly, the tinning will look like 
nothing more than a change of color. You shouldn’t be able to see any 
blobs or other obvious signs of the soldering. 

To make a tap joint along a continuous wire, peel away about 2 inch¬ 
es of insulation from the wire to be tapped, and about IV 2 inches from 
the end of the connecting wire. Securely wrap the end of the tap wire 
around the continuous wire and carefully solder the connection. Then 
wrap the entire joint with electrical tape to reinsulate the connection, 
leaving three wires coming from the one joint. 

To splice the ends of two separate wires, strip the insulation, pre¬ 
tin, and then twist the ends to be connected tightly. A solderless cap may 
be screwed on, or the twisted wires may be soldered and then covered 
with electrical tape. 

However you finally join the wires (solder, tape, etc.), the splice or 
tap itself must be physically strong. A gentle tug before completing the 
job will tell you. Don’t assume that the solder is strong enough to hold 
the wires together. The only time you don’t need to worry about this is 
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FIG. 3-14 A. Wire tap method for standard wire: loft, intertwine wires; right, twist 
tightly to make a physically secure tap. 13. Wire tap method for solid wire: loft, strip 
the end of a wire, and the spot to he tapped; right, twist the taj)ping wire slightly to 
secure. 


when you are using a solderless screw cap, since this automatically 
twists the wires together for a secure splice. 

To fasten the wire to a screw terminal, bend the end of the wire into 
a hook or loop. Attach the hook in the direction the screw will turn when 
tightened. This will hold the wire tightly under the head of the screw. If 
the loop is inserted the other way, tightening the screw may cause the 
wire to slip out from under the head. 

In instances where the cord was broken close to the appliance end 
instead of the plug end, use the screwdriver, nut driver, pliers, or Phil¬ 
lips head driver to remove any screws holding the case together. You 
must take off any plate or covering so that you can find where this other 
end of the cord is attached inside the appliance. Generally, one wire will 
connect to one side of the appliance on/off switch, and the other wire of 
the power cord will attach to another point (or terminal) inside the unit. 
Removing the short part of the damaged cord, stripping the wire ends, 
and reattaching the good longer part of the cord will give you practice in 
unsoldering and resoldering electrical wiring. 

To unsolder the old connection, hold your soldering iron or gun in 
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FIG. 3-15 Splicing methods. A. Left, remove insulation; right, twist wires tightly. B. 
Left, strip and cross wires; right, wrap downward on one side, then do the other side; 
bottom, completed joint is neat and strong. 


one hand and the desoldering tool in the other. Make sure the appliance 
is firmly clamped to the table or workbench, leaving both hands free to 
work on the unit without knocking it to the floor. 

The soldering iron has to be held directly to the soldered contact 
point where the wire is attached long enough for the solder to complete¬ 
ly melt. As the solder heats, it will become shiny and fluid. Place the 
sucking end of the desoldering tool directly over the terminal you are 
heating, with the iron still in place, and suck off the melted solder. You 
may have to repeat the process two or three times to get rid of all the sol¬ 
der and make the connection loose. Then use your needle-nose pliers to 
pull the wire loose from the terminal. 

If the wire has been twisted tightly to attach it to the terminal before 
it was soldered, it may be necessary to melt the solder with the iron in 
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FIG. 3-16 A double splice. A. Remove insulation and stagger the wire ends. B. Wrap 
wires tightly. C. Apply solder to both joins. D. Wrap the finished double join with in¬ 
sulating tape. 
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one hand, and use the pliers in the other hand to wiggle and pull the 
wire loose from its connection. The appliance must be firmly clamped in 
place while the desoldering/disconnecting attempt is being made. 

When the break or insulation damage is somewhere near the middle 
of the cord, the wire ends should be stripped and tinned (lightly coated 
with solder). Apply the soldering iron directly to the exposed end of the 
wire, and then apply a length of resin-core solder to the side of the wire 
away from the iron and hold in place until the solder begins to flux 
(melt). When the wire begins to take on the shiny, silvery appearance of 
a coated piece of metal, take away the iron and shake off any excess sol¬ 
der. This pre-tinning process will make it easier to solder the wire end to 
any other connecting point, and will serve as a binding agent to keep the 
individual strands of twisted wire from fraying and causing an acciden¬ 
tal short. 

After pre-tinning all four wire tips — two on each cord end (six tips if 
the cord is for a grounded, three-prong electrical connection) — take one 
of the wires from the longest end and twist it together with an end from 
the shorter piece of cord. In case the wires of the cord are covered with 
insulation of different colors, match the colors you are twisting togeth¬ 
er-black to black, white to white, green to green, red to red, etc. If the 
wires are of the same color, then use the VOM to check for continuity be¬ 
tween one end of the wire still attached to the appliance and to the chas¬ 
sis or case of the appliance. This wire should go to the wire on the plug 
end of the cord that attaches to the widest prong. In two-wire electrical 
outlets, the wide prong, feeding to the wider left-hand opening of the 
wall outlet, is considered to be the ground side of the power cord. 

Take your soldering iron or gun and apply heat and resin-core sol¬ 
der to the twisted wire connection. After the soldered connection has 
cooled, use wire cutters or diagonals to trim off any excess lengths of 
wire extending beyond the soldered joint. Then take your roll of electri¬ 
cal tape and wind a length around the spliced connection, making sure 
not to leave any wire exposed. The tape is to replace the insulation 
peeled off with a knife before the splice was made. It is not necessary to 
wind a lot of tape around the soldered connection, since the insulating 
quality of electrical tape is very good. Two or three layers of tape should 
be enough. 

Repeat the process with the second wire from both the long and 
short end of the cord, again matching colors of the wire or wire insula¬ 
tion. The trick is to be sure that no point of the soldered connection on 
one wire makes physical contact with an exposed wire from other parts 
of the splice. If you have a three-wire connection, splice the third ground 
after you have used tape to reinsulate your second soldered joint. 
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Use the VOM to check the quality of your splice after completion. 
You should show continuity from one prong to one wire at the other end 
of the cord, and no continuity or an open circuit from that wire end to 
any other prong. 


PLUGS 

When the break in the cord has occurred very close to the plug, or at the 
other end of the cord near the place where it enters the actual appliance, 


FIG. 3-17 This kind of plug is a 
permanent part of the cord. If the 
plug is bad, you’ll have to cut it 
off and attach a new plug to the 
clipped cord. 




FIG. 3-18 Electrical plugs. 
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FIG. 3-19 A 3-wire cord, ready for its new plug. 



you can discard the shorter part of the cord and reattach the longer por¬ 
tion. 

On most modern equipment, the plug is solidly attached to the end 
of the wire and cannot be removed and resoldered. In this case, purchase 
a standard replacement plug from any hardware store or supermarket. 
Dress the end of wire from the longer cord at the place where it was bro¬ 
ken; that is, make the exposed ending clean and neat. Use a knife or wire 
cutters to clip off the damaged end neatly. Make the cut at a slight angle 
or on the diagonal (about 30 to 45 degrees). 

Most general replacement plugs are the slip-on and clamp, no-sol¬ 
dering type. A clip on the side of some plugs has to be opened. Push the 
cut end of the cord firmly into the new plug, and close the clamp firmly. 
Inside the clamping part are two needle-like contacts that will puncture 
the insulation on the ends of the cut wire and establish a connection be¬ 
tween each wire and one of the prongs of the plug. 

Heavier duty appliances (which need higher values of current to op¬ 
erate) will use cords with thicker wire that can carry this current without 
overheating. Many of these cords cannot use the slip-on type of replace¬ 
ment plug, but require a connector with screws and a mounting plate for 
attaching the cord. In this case, you will have to strip the ends of the wire 
before attaching the plug. That means you’ll have to remove about 1 inch 
of the insulation from the end of each wire in the cord. 

If you have a solid rubber or plastic-coated cord that seems to be 
only one wire, use a sharp knife to carefully peel away the outer layer of 
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FIG. 3-20 Test the new plug and cord for continuity. 


insulation. This will expose the two (and often three) small wires inside 
the cord, each individually wrapped again with insulation. The three- 
wire cords are for appliances that must be grounded for safe operation. 
This means that the case or chassis of the appliance must be electrically 
connected with earth ground in order to prevent accidental shocks to the 
operator. Such appliances should only be used when plugged into a 
three-hole, electrically grounded outlet. The replacement plug should 
be a three-prong plug. Figure 3-19 shows a three-wire cord, properly 
stripped for the attachment of a new plug. 

Twist the exposed ends of each wire, making sure you keep the 
strands of one wire from touching or twisting with the strands from ei¬ 
ther of the other wires. (Tinning the ends will help.) Push the cord up 
through the hole at the end of the plug away from the prongs. Wrap each 
of the exposed wire ends around one of the three contact screws leading 
to the individual prongs. Again, make sure no frayed strands are left that 
may touch from one wire to another. Tighten the screws.This procedure 
is best practiced on a throwaway piece of electrical cord that is open at 
both ends. You can use the VOM to test your work before trying to repair 
an actual appliance. 


64 


Chilton's Guide to Small Appliance Repair/Maintenance 

FUNDAMENTALS OF ELECTRICITY 











Chapter 4 

Small Appliance Repair Basics 


Diagnostics and servicing, whether on a small appliance, large appli¬ 
ance, your car, home computer or transistor radio, is always about the 
same. It’s a basic 1 — 2 — 3 approach. 

1. Diagnose —Test the appliance to see what is wrong in general. 
Find the general symptoms (what works, what doesn’t). 

2. Pinpoint— Isolate the problem to the particular part causing the 
trouble. 

3. Repair/Replace —After you’ve located the specific cause of the 
problem, repair or replace the bad part(s) and put the appliance back 
into service. 

BASIC DIAGNOSIS 

Diagnosis is nothing more than a process of elimination. There are only 
so many things that can go wrong. By eliminating those things that are 
functional, you’ll find what isn’t. 

The diagnostic procedure begins with the simple and obvious, then 
goes to the more complex. Much of the time the problem will be simple 
and obvious, so why waste time and energy, and risk damaging the ap¬ 
pliance by tearing it apart, when you don’t have to? 

Much of this process of elimination involves an “either-or” ap¬ 
proach. For example, either power is getting to the appliance or it’s not. 
In one quick and easy step you’ve identified either the appliance as the 
problem, or everything else coming to it. 

At this point, if there is no power to the outlet, you’ll know that tak¬ 
ing the appliance apart will be a waste of time. The trouble probably isn’t 
with the appliance. (If it is, the appliance has a major short circuit tliat is 
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blowing the fiiso or popping the breaker. And this in turn tells you some¬ 
thing very important—you’re probably looking for a bare or burned 
wire.) 

If there is no power to the outlet, then either the problem is between 
the breaker and the outlet, or it’s between the breaker and the power 
company’s primary. This might sound oversimplified, but I knew a per¬ 
son who spent several hours ripping apart a nonfunctioning blender, 
and damaged his kitchen counter, only to find out that someone had 
crashed into a power pole and all the power in the neighborhood was 
out. (And then he couldn’t figure out how to put the blender back togeth¬ 
er!) 

If you have power anywhere in the house but none at that outlet, 
then you already know that the problem is within a specific circuit. Re¬ 
place the fuse in that circuit, or reset the breaker. Now try the outlet 
again. If the appliance goes out again, one more quick test will tell you 
whether the trouble is in the appliance (a short circuit) or in the wiring 
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(also a short circuit). Reset the circuit again and try the same outlet with 
another appliance. (Also don’t forget that the whole problem might be 
that you have too many things on that circuit. If the circuit is meant to 
supply a maximum of 15 amps, and you’re trying to draw 20 amps from 
it, it will blow again and again until you remove the overload.) 

Now if the circuit blows when you plug in your alternate appliance, 
you know that there is a short somewhere in the wiring between the 
breaker and the outlet. You can eliminate the breaker and the outlet itself 
easily. First visually inspect both (with the power off). You might see 
signs of a burned wire, which means that arcing has taken place. This is 
usually a sign of either a bad component or a loose wire. (Chapter 3 will 
give you more details on how to check/replace the outlet and fuse or 
breaker.) 

If the circuit is not overloaded, and if only the suspected appliance 
is causing the breaker to let go, you should look for a short circuit in the 
appliance. 

Short circuits, whether within the appliance or in the wiring of your 
home, must be located and repaired. This is both for proper diagnosis 
and repair of the appliance, and for safety. You will not be able to further 
test the device until you locate and cure that short, or until you can fix 
the device to the point where you can plug it in and turn it on without 
again blowing a fuse or tripping a breaker. 

On the other hand, if there is power to the outlet, and if other appli¬ 
ances work just fine in that outlet, then you know that the appliance has 
indeed something wrong with it. 

Within a couple of minutes you’ll have eliminated at least half of the 
possibilities and can then concentrate on where the problem really is. If 
the problem is definitely in the household wiring, go back to Chapter 3. 
If it’s in the appliance, continue reading. 

The next step involves thinking and asking yourself a number of 
questions. Since you know that appliance, you probably know the an¬ 
swers to many of the critical questions that make diagnosis easier. Once 
again, begin with the simple and then go to the more complex. 

Were you using the appliance when it went bad, or was the appli¬ 
ance working perfectly last time and failed to work the next time you 
went to use it? Has it ever worked? Has that particular function ever 
worked? Have you checked all the obvious things, such as the plug? (A 
large percentage of “malfunctions” are something obvious, or even silly, 
with nothing being wrong at all.) Does the person who first reported the 
malfunction really know how to operate the appliance? 

If the appliance is new, you must answer “I don’t know” to the ques¬ 
tion "Has it ever worked?" Even if it has been around for a while, it’s pos- 
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Initial Diagnostics Checklist 

1. Have / read the instructions? 

2. Has the appliance ever worked? Has that function ever 

worked? 

3. Is ANY part of the appliance working? 

4. Is power getting to the outlet? 

5. Is power getting to the appliance? 


sible that you’re trying out a function that is new for you. Have you read 
the instructions? It could be that you’re not doing the right things to get 
that function to operate. It’s even possible that you’re trying to get the ap¬ 
pliance to do something it can’t do. 

If you’ve had the appliance for some time, and have used it success¬ 
fully all that time, then it’s less likely — but still possible — that you’re do¬ 
ing something wrong. But you still can’t assume that someone else (who 
says it’s not working] knows how to operate it. 

Especially when someone else told you that an appliance isn’t 
working, you must confirm that the appliance is in fact nonfunctional. 
Then examine the unit while still trying to make it operate, so you can 
begin to diagnose the real problem. Now you begin to take note of the 
symptoms. 

Did it overheat after long use and then malfunction? (After it’s cool, 
if it seems to be working all right, it could indicate a lubrication prob¬ 
lem, or electronic components that are wearing out.) Did a simple me¬ 
chanical jar, made while moving the appliance from its normal working 
space to the shop, jiggle a loose part back into place? 

If the appliance has a heating element that is failing to even warm 
up, don’t immediately jump to the conclusion that a thermostat or the 
heating element itself has gone bad. Begin the process of elimination. 
Think of the basic rule of electricity (it must have a complete path] and 
use your common sense. You’ll know what parts to test. 

With the heating element example, first there must be electricity 
available. At this point you should have already eliminated all things 
outside the appliance and up to the outlet. Now you can take one more 
step. Is power getting to the appliance? If that appliance has an “on” in¬ 
dicator and this fails to light, that is a sign that perhaps power is not get- 
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THERMOSTAT SWITCH 


FUSE 



FIG. 4-2 Schematic of a heating element. 

ting to the appliance. The trouble could lie in the unit’s power cord, 
power switch, or in any of the wiring or electrical controlling/switching 
devices that feed the heating element. 

After you’ve determined that the fault is definitely with the appli¬ 
ance, it’s time to find out just exactly what is wrong inside. As in the ex¬ 
ample above, the first part of diagnostics will help to eliminate many of 
the parts so you don’t waste time on them. 

PINPOINT AND ISOLATE THE FAULT 

Step 2 in the diagnostics process is to pinpoint the problem. For this, 
you may have to take the appliance apart in order to test and visually in¬ 
spect what is happening inside the casing. Most of the time, how to take 
the appliance apart is obvious. Some tips will be given in the next sec¬ 
tion of this chapter. 

Whatever malfunction you are able to verify by testing the appliance 
for yourself, try to use common sense and your knowledge of the work 
normally accomplished by the device in order to think of all the wiring 
and parts that feed or that conduct electricity up to the part that is not 
doing its job. Use a notepad and jot down all the things you believe 
might be preventing the malfunctioning part from working. 

If the motor doesn’t turn, the actual problem might include power 
not getting to the outlet, a faulty power plug or cord, a faulty on/off 
switch or other function (such as speed) switch, an open wire inside the 
unit, motor binding due to lack of lubrication or a bad motor bearing, the 
windings of the motor itself might be shorted or open, or the blades or 
motor driveshaft could be physically bent and/or jammed. 

Once again, go to the easy and obvious first. Use your senses. You 
might be able to see what is wrong. A wire might be burned, broken or 
loose. A belt may have fallen off. Look around carefully, both before you 
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remove any panels or the casing, and afterwards. (Be sure that the power 
is off and the appliance unplugged before attempting to get inside!) 

Continuing with the motor example, listen for a humming or vibra¬ 
tion. If you hear it, you can probably eliminate (at least for now) those 
electrical things outside the motor. Some power is getting to the motor, 
or it wouldn’t be making noise. 

Shut off the power and see if you can find something mechanical at 
fault. Is the motor secure in its mount, or is it flopping loose? If the motor 
drives the appliance with belts, are the belts tight enough (but not too 
tight)? Are the belts even there? If the motor is gear driven, are the gears 
meshing properly? Are all the teeth of each gear intact? 

Manually try to turn the shaft, if possible. Any binding should be 
fairly obvious. It should also be obvious if the binding involves the mo¬ 
tor shaft, or whatever part of the appliance the motor is trying to spin. 

If you keep the functions of the appliance and of the various parts in 
mind, you should be able to quickly and efficiently track down the 
source of the trouble. 

The three overall functions of a household appliance are electrical, 
mechanical, and plumbing. A problem in the third category will general¬ 
ly be obvious, since it will usually leave a puddle of water. A coffee mak¬ 
er, for example, with a loose or broken hose inside might make a half pot 
of coffee —with the other half to be found on the counter, and possibly 
inside the coffee maker causing it to short out and blow a fuse. 

Electrical problems are easy to track down by just keeping the “com¬ 
plete path’’ rule in mind. If electricity is getting to a certain component, 
but that component isn’t working, it’s highly likely that the component 
is at fault. If current isn’t getting there in the first place, then the problem 
will be found ahead of that component. 

To test a component for continuity, you’ll usually have to remove 
the component. At very least you’ll have to remove at least one of the 
wires (otherwise you may get a false reading and end up actually testing 
something elsewhere in the appliance). 

A heating element, for example, should have a very low resistance 
reading if it is whole and sound. If it is starting to go, the resistance will 
be fairly high. If a wire within the element has burned through, the conti¬ 
nuity testing will show an infinite resistance, indicating a broken path. If 
so, it is time to replace the element. 

Mechanical problems can often be tested manually. A motor shaft 
can be turned. A button can be pushed. They can also be inspected visu¬ 
ally for excessive wear, metal flakes, broken or loose parts, and an odd 
appearance in general. 

Sometimes a component has more than one action. A button has a 
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mechanical motion, and this movement may control something electri¬ 
cally. Pushing that button makes a physical, and consequently electrical, 
contact. In such cases, testing might include testing with a VOM and 
testing with your fingers. 


DISASSEMBLY 

In disassembly, your first concern will be to find out exactly how the ap¬ 
pliance is put together physically. Even if you have an instruction or ser¬ 
vice manual for the device, most do not detail the correct way to get in¬ 
side. Other books, and even the owner’s manuals, might say a lot about 
what you can do once inside, but they may not tell you how to “break 
and enter” in the first place. 

Keep in mind that any and all warranties might be voided with the 
first turn of the first screw. 

Always switch off the power and unplug the unit. Even then, keep 
in mind that there might be charge-holding devices inside (such as ca¬ 
pacitors) that can still be dangerous. Move carefully and keep your eyes 
open. 

Now carefully inspect the case and the obvious holding screws. 
Many screws or bolts go inside the unit and hook up or fasten to some- 



FIG. 4-3 Visually inspect the ap¬ 
pliance cover(s) to find the 
screws, bolts, and other fasteiu^rs. 
Be careful not to remove those 
fasteners that hold internal parts. 
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thing inside tlie case, too. Usually these are obvious, but not always. If 
you’re in too much of a hurry when you take the appliance apart, a 
spring might pop loose and flip across the room. You could lose a part, 
and not be able to discover exactly where it was supposed to go anyway. 
Use care in removing any screw or clamp. As a general rule of thumb, 
screws toward the outer perimeter merely hold the case in place, while 
screws toward the center might be holding something else. 

When in doubt, first slightly loosen the screws you think hold the 
case and nothing else. With the screws loose but not removed, you 
should be able to tell if something else is coming loose inside, or if just 
the case itself is being released. 

Once all visible screw heads have been removed or loosened, care¬ 
fully try to lift the covering plate or appliance case away from the unit. If 
it does not move, run your fingers around the edges to see where the cov¬ 
er or case is still attached. You may discover that you have to remove a 
function knob or a switch before the case can come off. Never force the 
case or cover off. 

In these days of plastic mass manufacturing, many cases that appear 
to be sealed single pieces are actually snap-apart units. To find the “se¬ 
cret” release(s] is a matter of probing and prying. 

If all else fails, and if the unit is a throwaway if you can’t fix it your¬ 
self, then —and only then — apply force. Expect to physically break the 
case, and possibly destroy the appliance. At least you may find out how 
to open the next one without breaking it. There’s a remote possibility 
that you will be able to fix the appliance, and then repair the broken case 
before reassembling. 

In the disassembly process, use your notepad to draw diagrams of 
exactly what small parts go where, in what order they are mounted on a 
shaft, and what color of wire goes to what plug or connection. 

Once the unit is apart, it is quite possible that you will find the mal¬ 
function has been caused by something easily repairable. A wire could 
have broken or could have pulled away from its terminal. If you are sure 
what terminal the loose wire is supposed to have connected to, then re¬ 
solder it in place. 

Be very careful here after reassembly and plugging the appliance 
back into a wall outlet. If you soldered the loose wire to the wrong termi¬ 
nal, you may get a short circuit. Such a mistake could cause a major 
burnout and a major problem, when the original loose wire was a minor 
problem — if only you had hooked it back up in the right place. It can also 
be a potentially deadly mistake. 

For this reason, if you find a wire disconnected inside and are not 
absolutely sure (either from diagrams in the user’s manual or from the 


72 


Chilton's Guide to Small Appliance Repair/Maintenance 
SMALL APPLIANCE REPAIR BASICS 






FIG. 4-4 Once inside, carefully inspect for any signs of obvious damage. 


broken remains of the connection on the terminal) then consult a service 
person at the shop where you bought the appliance to be sure “point X” 
is precisely where the loose wire is supposed to be soldered. 

(There are some very rare instances when a loose wire inside is sup¬ 
posed to be loose. The manufacturer needed a two-wire cable to hook up 
part A to part B, but was able to mass-purchase a bunch of three-wire ca¬ 
bles at a warehouse fire sale somewhere. The maker would use two of 
the wires in the three-wire cable to manufacture the appliance, clipping 
or taping the spare wire somewhere out of place. Taking the unit out of 
its case may have loosened that unused third wire —so don’t just guess 
that it is supposed to be resoldered to some point. Check with a techni¬ 
cian to be sure.) 

The VOM can be a major help in your pinpoint work. You can use 
the resistance scale to test continuity or to see if a connection where the 
solder looks old and cracked is still making a good electrical contact. 
Sometimes using a VOM to test what appears to be a bad component will 
reveal that it does not need to be replaced. 

At this point, if you have still not found the broken part or wire in 
the appliance, place it carefully on the workbench so that no exposed 
wires are touching each other or making contact with outside metallic 
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FIG. 4-5 Using a VOM to test the continuity of a component. 


surfaces. Plug the unit into a wall outlet, turn the power switch on, and 
use the voltage range (ac voltage) to be sure the electrical pressure is get¬ 
ting to the switch or to a malfunctioning motor or heating element. 

If the appliance uses a dc motor instead of an ac motor, it will have a 
power supply circuit board for internally converting the wall outlet ac to 
dc. The trouble could be in this power supply. (See the next section in 
this chapter.) 

Remember to set the VOM to its highest voltage range before applying 
power, and then reduce the range switch if necessary to read the voltage 
accurately. For most home service work, however, measuring exact volt¬ 
age values will not be necessary. If voltage pressure of any value shows 
on the meter when the probes are placed across two points that should 
indicate a voltage, then the circuit is probably working all right. For this 
reason, some shop people use an inexpensive ac/dc testing light bulb in¬ 
stead of a VOM for voltage checks. 

The diagnostic and pinpointing steps involve a lot of physical in¬ 
spection and some solid mental work. “What could be wrong to cause 
the unit to do this?” Why waste your time testing the motor when the 
symptoms show a problem with a heating element only? (Remember the 
old adage “If it’s not broken, don’t fix it.”) 

With over half of your malfunctioning small appliances, the pin¬ 
point steps will lead you definitely to the broken or bad part. You will be 
able to see what has gone wrong, and will be able to either repair, resol¬ 
der, or replace the defective component. Once you have done this, reas- 
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sembled the appliance, and then tested it to see that it is again working 
properly, you have achieved your first money-saving, quality appliance 
repair job! 

If you’ve reached the point where you think you know which part is 
bad (because everything else seems to be okay), then it’s best to read fur¬ 
ther into the chapters on individual parts testing before spending bucks 
for a new part (that may actually not be required). If the part checks 
good, you’ll have to repeat these preliminary diagnose/pinpoint steps, 
and will probably discover that you missed something. You assumed a 
part or wire connection was working, and it really wasn’t. 

POWER SUPPLIES 

Some appliances use microchips and other electronic circuitry that re¬ 
quires voltage other than what comes from the wall outlet. If your appli¬ 
ance is “computerized,” this is definitely the case. 

To operate, those circuits generally need dc voltage of between 5 
and 24 volts. Since this doesn’t come from the wall outlet, something 
must be built into the appliance to convert that 120 vac into the needed 
value of dc. This something is a power supply. 

There are three basic parts to a power supply: the transformer, the 
rectifier, and the filter(s). 

The transformer takes the incoming 120 vac and drops it to near the 
final value(s) needed. This happens because of a difference in the num¬ 
ber of windings between the primary and the secondary sides of the 
transformer. If that ratio is, for example, 10:1, then the 120 vac will be 
dropped to 12 vac. (This is an oversimplification, but gives you the gen¬ 
eral idea.) 

The size of the transformer depends on how much current it has to 



FIG. 4-6 Schematic of a simple power supply. 
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FIG. 4-7 A power supply transformer. 



FIG. 4-8 A bridge rectifier. 

handle. If the components needing dc voltage (or even a different value 
of ac voltage) draw a large current, then the transformer will be large. If 
very little current is required, the transformer can be small. 

After the voltage has been changed to the proper value, a rectifier is 
used to convert the ac into dc. A rectifier allows current to flow in one 
direction only, while blocking the flow in the other. This is done with a 
component called a diode. 

The usual rectifier contains multiple diodes. If just one diode is 
used, half of the incoming current passes through; the other half is 
“thrown away.” Current flows only half of the time. By using two di- 
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odes, when one diode is blocking half of the flow, the other diode takes 
over and passes it along, still in the same, single direction. Many power 
supplies use what is called a bridge rectifier, which is four diodes con¬ 
nected in a square pattern. Most often this bridge rectifier is a single 
block. 

Once the current comes out of the rectifier, it is direct current only 
in the respect that it flows in only one direction. It still varies in value 
from zero to (for example) 12. 

A filter capacitor takes care of the rest. As the current flows into the 
capacitor, it fills up and stores the energy. It then releases it in a steady 
flow. The end result is virtually pure dc of a steady value that can be 
used by the other components. 

Testing a power supply is easy. First find where the ac comes in. Set 
your VOM to read ac in the proper range (usually the 120 vac line volt¬ 
age) and see if ac is getting to the power supply. If it is, find where volt¬ 
age leaves the power supply. Most of the time, the power supply output 
will be dc at between 3 and 24 volts. Set your meter to read at least this 
much and test the output(s). 

If power is getting to the supply but is not coming out, the power 
supply is bad and has to be replaced. If it is coming out, or power isn’t 
getting to the power supply in the first place, then the problem is else¬ 
where. 


BUYING PARTS 

In many instances, you will discover that the problem with a 
nonfunctioning appliance can be cured by cleaning, lubricating, or by 
physically bending or twisting a misshapen part or bracket back into its 
correct position. To effect repairs in other cases, you will find it neces¬ 
sary to purchase a replacement part. Sometimes parts availability is a 
major problem, but luckily this is seldom a troublesome factor in appli¬ 
ance work —unless the make or model of appliance you are working on 
has been discontinued by the manufacturer quite a few years before. 

Once you have determined what replacement part is required, make 
a note of the brand name and model number of the appliance. This is 
generally listed on a plate somewhere on the outside of the unit. 

Either go to the store where the device was initially purchased, or 
consult the Yellow Pages of the telephone book in order to obtain the 
name of the main dealer in your area for that brand of appliances, 'fhe 
service shop of that store will have the part on hand or should be able to 
order it for you. 

Also listed in the Yellow Pages are likely to be stores that carry ap- 
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pliance parts. (After all, the professional service people have to go some¬ 
where to get their parts.) Chances are very good that you’ll find more 
than one in any medium-size city. 

Some appliance components are available at general hardware, 
electrical, or electronic supply outlets. In most cases, if a part is general¬ 
ly available, it is less expensive to pick it up from the counter of one of 
these stores than to order the replacement from the original manufactur¬ 
er. 

Occasionally you will run across an electric motor, a heating ele¬ 
ment, a thermostatic control device, or some other commonly used com¬ 
ponent that is not stocked on the counter of a general supply store, but 
which may be ordered directly from the part manufacturer rather than 
from the maker of the appliance. The motor of a Brand XXX vacuum 
cleaner, for example, may have been supplied to the Brand XXX compa¬ 
ny by International Electric Company, with the lEC home address 
stamped right on the motor casing. Write for an lEC catalog, or call to see 
if there is a local dealer. Buying direct from lEC may again save you the 
normal mark-up charged by Brand XXX if you buy the replacement from 
that manufacturer. 

Many mechanical parts that have broken or that have been damaged 
in other ways can be replaced by duplicates you fashion yourself in your 
home workshop. Or the part could be fashioned by a local machine/tool 
shop for you at a reasonable price if the component is a fairly simple one. 
This could prove necessary if the part is not available to buy and if the 
price of the custom-made part is less than the price of a new appliance. 

It’s an excellent idea to keep your old nonrepairable appliances as a 
stock of replacements for newer units when they, in turn, go bad. This is 
a good reason for sticking to the same brand and model of each particular 
appliance you use (once you find one that is completely satisfactory in 
its service). 

For small appliances this is easy. If an old Mr. Coffee maker devel¬ 
ops a bad switch and the unit is so old you’d really rather have a new 
one, don’t throw away the bad coffee making machine. Some day your 
new Mr. Coffee unit may encounter a burnt-out heating element, and 
you’ll have a quick repair part right out in the garage or workshop. 

Even when switching model or brands in a new appliance purchase, 
some parts may still be common. You can disassemble the broken unit 
and store all the individual parts in a conveniently marked and labeled 
parts bin or storage cabinet. A switch, thermostat, bracket, or heating ele¬ 
ment may work as a future repair part not only for the new appliance you 
bought, but also in some other appliance that just happens to require the 
same type of component. 


78 


Chilton's Guide to Small Appliance Repair/Maintenance 
SMALL APPLIANCE REPAIR BASICS 







Chapter 5 

Electric Motors 


Almost every appliance in and around the house has either a heating ele¬ 
ment or a motor or both. The common solution when a motor goes out is 
to replace the motor. Sometimes this is the only solution available, espe¬ 
cially with small appliances. However, there are some very good reasons 
for not using this as the only solution. 

First, you may be able to restore the motor to operating condition — 
often quickly and easily. You may find that what seems to be a major 
problem is something simple; or perhaps the problem can be fixed by in¬ 
stalling a new part (instead of a whole new motor). 

Second, even if you do buy a new motor in order to get an appliance 
back into working condition, the old motor can serve some useful pur¬ 
poses. Unless the old motor has a trade-in value, take a few moments to 
break down the old one. Once again, you might find that the terrible 
problem is something fixable, which will give you a spare motor for next 
time. If it can’t be fixed, perhaps the good parts in the old motor can be 
salvaged, thus adding to your personal stock of parts. (This is especially 
important when spare parts aren’t normally available.) 

Perhaps most important is that the old motor, fixable or not, can 
serve as a valuable training aid. Sooner or later you’re going to come 
across another use for that knowledge. What you learn about the con¬ 
struction and inner workings of the motor can save you time and money 
in the future. 

Even with all of this aside, understanding how a motor works and 
does its job in the appliance can help tremendously when it comes time 
to swap out a faulty motor. 
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MOTOR BASICS 



FIG. 5-1 A typ ical appliance motor. 


A motor changes electrical energy into mechanical energy. To oversim¬ 
plify: ping it in and it spins. The amount of force in that spinning is 
called torque. The power of a motor is generally given in horsepower. 
Very small motors often have no meaningful rating of this nature. But 
whether rated or not, and no matter how the motor is rated, you should 
always try to get an exact match when replacing a motor. (Quite often, if 
the replacement motor isn’t an exact match, it won’t even fit.) 

Don’t worry if you don’t understand completely how motors work. 
Your goal isn’t to design a motor, but to diagnose and cure problems. In 
brief, motors work on the principle of magnetism. Like magnetic poles 
repel each other, while unlike poles attract. If you bring the south pole of 
one magnet near the south pole of another, the two will repel each other. 
If you set up a number of magnets in a wheel with a ring of magnets 
around this, and if you could constantly shift the polarity from south to 
north to south, etc., you’d have a motor. 

Fortunately, electromagnetic forces will do this for you. Electricity 
flowing in a wire generates a magnetic field, causing the wire to become 
a "magnet" temporarily. By using polarity switching (either mechanical¬ 
ly or by using ac voltage, which constantly changes anyway), the motor 
spins merrily away to get the job done. 

Motors have various types of voltage connections to their internal 
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coil windings. Series-wound motors have field windings connected to 
the brushes of the armature so that current passes through the field 
windings before reaching the armature (mounted on the rotating shaft of 
the motor). These motors are used to move heavy loads that have to be 
started slowly (as with a garage door opener, for example). Series-wound 
dc motors must be operated always under load, to prevent the speed 
from building up to the point where the motor may self-destruct. 

Shunt-wound motors have a parallel wiring setup to provide current 
to field windings independently from that supplied to the armature 
coils. Shunt-wound motors are used where constant speed is necessary 
under varying load conditions (in good quality electric shavers, blend¬ 
ers, etc.). 

Compound-wound motors incorporate both series and shunt arma¬ 
ture windings. These motors can handle heavy starting loads and can 
draw energy from the centrifical force of a spinning flywheel during 
peak load conditions. The flywheel also absorbs extra energy from the 
motor after peak demands pass, helping to maintain speed of the motor 
and to increase the working life of the device. 

The electric motor is designed to provide a turning force (torque) to 
accomplish some designed function, such as opening a can, opening a 
garage door, providing a breeze, crunching your trash, or playing your 
audio and video tapes. With such a variety of things employing electric 
motors, it is not surprising that they come in a variety of forms. 

There are three main groupings of electric motors, each designed for 
a specific type of power source: direct current (dc), single-phase alter¬ 
nating current (ac), and polyphase alternating current (ac). The first and 
second are those commonly found in homes, while the third is more 
likely to be found in commercial applications. 

AC MOTORS 

There are a large number of ac motor types, each with special character¬ 
istics to meet the needs of various appliances. The most commonly used 
types of ac motors include: universal, shaded pole, capacitance start, 
split phase, PSC (permanent-split-capacitance), and synchronous. These 
motors all share the common trait of requiring ac to operate, with the ex¬ 
ception that the universal motor can be designed to operate on direct 
current as well. 

The universal motor is aptly named, since it can be used to handle 
so many different jobs and can operate on either ac or dc, depending on 
the way the appliance (and the motor) is set up. 

Shaded-pole motors can be used when the amount of torque needed 
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FIG. 5-2 Schematic of a universal motor. 


is relatively small. This motor has four stator poles, with a band of cop¬ 
per somewhere on the poles. The copper band “shades” the magnetism, 
thus causing the same pole to have more than one magnetic field, which 
in turn causes that magnetic field to rotate, which in turn causes the mo¬ 
tor to rotate. 

Watch the lights in your house when a major appliance, such as a 
large air conditioner, starts up. They tend to dim for a moment. The rea¬ 
son is because it takes more current to get a motor started than it does to 
keep it going. This is hard on the electrical supply, and hard on the mo¬ 
tor. Nicely enough, there is a solution. A capacitor stores energy. When 
the motor starts, the capacitor releases its energy, giving the motor the 
needed boost. Capacitance-start, split-phase, and PSC motors are rarely 
found in small appliances. 

Split-phase motors can also be used in large appliances. Two wind¬ 
ings are used instead of just one, with a centrifugal switch to shift from 
one to the other. The start-up winding brings the motor up to about 80% 
of operating speed. The centrifugal switch then cuts out the start-up 
winding and brings in the main winding. Then the remaining 20% of op¬ 
erating speed is gained and held. 

PSC motors are generally found in larger appliances such as air con¬ 
ditioners and other devices requiring large amounts of torque. These mo¬ 
tors are like a combination of capacitor start and split phase motors. In a 
PSC motor, the capacitor is permanently connected in series with the 
motor, which makes the start-up winding do double duty. At startup. 
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FIG. 5-3 Shaded pole motor. Reprinted by permission from Header’s Digest Fix-It- 
Yourself Manual (New York: Reader’s Digest General Books, 1977). 


this winding works in the same way as the startup winding of a split 
phase motor. As the motor reaches speed, the winding will work as the 
main winding. 

All ac motors are synchronous; that is, they are automatically syn¬ 
chronized to the incoming 60-cycle power. This causes them to run at a 
designed speed. (The speed of a dc motor is determined by the amount of 
current flowing, since dc has no frequency.) Appliances sold in the Unit- 
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FIG. 5-4 Schematic of a capacitance start motor. 




FIG. 5-6 Schematic of a permanent-split-capacitance motor. 


ed States are designed to operate on the standard 60-cycle frequency 
supplied by power companies to the wall outlets of your home. The 
speed of a hysterisis!synchronous motor is dependent upon that 60-cy¬ 
cle frequency (and with the number of poles used in the manufacturing 
process). 

For those interested, the basic formula is S = 120 x f/p, where S is 
the speed of the motor, f is the frequency of the line voltage (60 cps in the 
United States) and p is the number of poles in the motor. 

The formula isn’t exact. There are other forces applied against the 
motor, such as the voltage level and the load the motor is expected to 
handle. Most motors operate within about 5% of the speed resulting 
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CAUTION 

In any motor that uses a capacitor, use caution in testing. The 
function of that capacitor is to hold a charge. This charge can be 
dangerous. Don*t trust it, even if the capacitor seems to be very 
small. 


from the formula. And actual operating speed of most motors tends to 
vary across a fairly wide range. 

There are times when this speed variation isn’t sufficient for the job. 
There are times when an exact motor speed is essential. Many times 
when you hear someone talking about a synchronous motor, they are 
talking about a specially built motor that is designed to operate at this 
exact speed, and one that is relatively immune to variation. 

As mentioned above, it doesn’t really matter if you understand all 
the details of how each motor type works, or why a shaded-pole motor is 
used in one appliance while a PSC motor is used in another. You don’t 
have to worry about recognizing one over another. The underlying prin¬ 
ciples are the same, regardless. So are the techniques of troubleshooting. 

DC MOTORS 

The other common motor found in and around the home is the dc motor. 
They are often found in toys and they are usually battery powered. How¬ 
ever, there are numerous exceptions to this rule: dc motors are often 
found in audio and video cassette decks and other high-tech goodies. 
The most common form of dc motor uses an internal permanent magnet 
to provide the magnetic field in which the armature operates. Other 
forms of the dc motor use various methods of connecting the stator and 
armature to enable the motor to operate using a dc power source. 

A convenient feature of dc motors is that the direction of rotation 
can be changed simply by changing the polarity of the current feeding it. 
This is how the motor direction is changed in order to reverse the move¬ 
ment of the device. The switching arrangement for the motor and con¬ 
nected device contains an internal polarity changing feed to the motor. 

You will sometimes find compound-wound dc motors in fans and 
blowers and in heating and cooling household ap{)liances. The spcuul 
may be controlled either by switches or by a rheostat that varies the re\'o- 
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lilt ions per minute (rpm) over a wide range (by varying the current). The 
more common two- or three-speed manual switching arrangements in¬ 
corporate a number of resistors that can be cut into or out of the 
fan/blower motor circuit at the discretion of the operator. When the 
switch is in a low-speed position, more resistance is added to the motor 
wiring circuit than when the intermediate speed is selected. Removing 
all resistance from the circuit by throwing the switch into another posi¬ 
tion puts the motor into high-speed operation. 

RELATED PARTS 

In air conditioning and other heavy-duty motor appliance operation, a 
magnetic clutch is often involved in order to adjust the driving power of 
the motor. You will also find these clutches on electric lawn mowers and 
in some vacuum cleaners. Magnetic clutches are generally in the form of 
an electromagnetic coil (solenoid) mounted between the drive shaft and 
the belt pulley. 

Electric motors sometimes have accompanying starter voltage sup¬ 
plies, clutches, drive belts, gears, and operational solenoids —so many 
circuits and subcircuits that it becomes difficult for even professional 
service workers to keep abreast of new developments. Yet despite the in¬ 
volved circuitry and mechanical principles, only a few basic 
electrical/mechanical processes are involved in their operation. Once 
you have studied the basic operation of relays, solenoids, and electric 
motors, new adaptions are easy to handle when you encounter them. 

In today’s world of solid-state electronic improvements, many dc 
motors are directly mounted on a small circuit board that can contain a 
transistor or two, coils, capacitors, and even an IC (integrated circuit) 
chip. The electronic parts mounted on the board are part of the motor 
control circuit. They can help in determining the rotation speed of the 
shaft, they can be part of any designed overload protection devices, or 
they can supply the correct starting voltages when the unit is first turned 
on. Generally, the manufacturer will supply a replacement motor only as 
part and parcel of the entire mounting circuit board. In other words, the 
motor (a simple $10 dc unit) cannot be purchased unless the consumer 
buys a whole new motor board (for $25 to $100 or more). 

In this case, you would be wise to look for the name of the motor 
manufacturer, as opposed to the appliance manufacturer. It would be 
less expensive to order the motor directly from the maker, without the 
mounting circuit board and components. 

A difficulty arises due to modern “proprietary information laws.” 
The motor could be a fairly common st 3 de made and marketed world- 
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wide by ABC Motor Company. But when XYZ Appliance Company 
builds a trash compactor or an electric juicer using this motor, XYZ will 
contract ABC to supply 100,000 or so electric motors with a single vari¬ 
ance from normal manufacturing specifications from all the other ABC 
motors. An internal capacitor or resistor may be added when ABC as¬ 
sembles the motors for XYZ. This means that if you buy a “stock” ABC 
motor as a replacement for an XYZ appliance, it won’t work. And neither 
ABC nor XYZ will let you know what tiny modification has been made 
from one motor design to the other. In this case, you will have to order 
the replacement motor and the accompanying attached circuit board 
(which is still okay on your own appliance] directly from XYZ 
Applicance. 

The fact that a motor in your appliance may be mounted on an inde¬ 
pendent motor circuit board means that other test steps should be taken 
before ordering a replacement motor or motor circuit board. Use the 
VOM to test continuity through the board. If you are familiar with basic 
transistor testing, remove leads and use your VOM (or a transistor check¬ 
er] to see if an inexpensive transistor in the drive board is at fault, rather 
than the motor. Most important, use the voltage scale of the VOM to see 
that the DC value applied to the motor terminals is correct for proper op¬ 
eration (24 volts for a 24-vdc motor, etc.]. If the voltage is abnormal, then 
the trouble is probably not with the motor. Instead, check individual 
components on the motor drive board, and test values from the circuit’s 
power supply. (See the sections on testing and troubleshooting below.] 

MOTOR MOUNTS AND BEARINGS 

To successfully replace a motor, you have to know how to unmount the 
old motor and how to correctly remount the new one. 

Some motors are designed to be held rigidly in place inside the ap¬ 
pliance. Others are suspended on belts or rubber mounts, allowing them 
to vibrate rather freely. Be sure, when replacing a motor, that you allow 
it to be mounted the same way as the original. Don’t attempt to clamp 
down a motor shaft that is supposed to be suspended loosely, and be 
sure to securely bolt or screw in place those motors intended to drive 
from rigid mounting brackets. 

In efforts to keep manufacturing costs low and to maintain moderate 
prices for consumers, basic motor design for many low-priced small ap¬ 
pliances has changed a lot over the past decade. Many low- and moder¬ 
ate-speed dc motors are now constructed with plastic or silicone/plastic 
bearings. 

A bearing is the small lubricated ball on which a motor shaft rotates. 
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It ('liniinatcis friction as th<i motor spins to drive a pulley or belt or what- 
e\{M'. In old-fashioned kid’s roller skates, it was easy to see the ring of 
nu'tal hall hearings held in a row around a metal ring or collar. This col¬ 
lar was lock(ul in j)lace. with llie wheel shaft j)rotruding through it. The 
shaft would turn as the wheels rolled, ruhhing against the freely rotating 
hall hearings. 

At that time, most motor hearings were huilt in a similar manner, 
’rhey would last for a long time, hut recpiired frequent luhrication. 

Nowadays, in many sealed motor units, the hearings are plastic. 
They do not last as long. If the motor is a sealed, one-piece unit, when 
the hearings wear out the motor or the entire appliance is defective and 
ready for replacement. In such cases, you might as well do a little experi¬ 
mental test work. What you learn just might make such a motor salvage¬ 
able, for use as a future replacement. And you might gain sufficient 
knowledge to be able to repair the next motor breakdown without having 
to buy a replacement. 

Whenever a motor using plastic bearings is not sealed, make it a 
point during routine maintenance checks to test the motor shaft’s “free¬ 
dom of movement.” If the drive shaft wiggles too much when side-to- 
side pressure is applied, then the bearings are becoming worn. Exact re¬ 
placements will be available, at low cost, directly from the manufactur¬ 
er. 


When an appliance is purchased, the retailer normally provides an 
operator’s manual and a replacement parts list. Maintain a single file 
somewhere in the house for all your appliance manuals and repair infor¬ 
mation. If you order replacement bearings when you first notice a mo- 


FIG. 5-7 Testing the motor’s 
bearings can usually be accom¬ 
plished by turning and wiggling 
the shaft and feeling for excessive 
play or excessive resistance to 
movement. 
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tor’s rotation becoming “soft,” then the new parts will probably arrive 
before the appliance suffers a complete breakdown. 

Disassembly for replacement of bearings is fairly simple. Carefully 
study the way the unit was originally put together. Use the proper tool 
(screwdriver, alien wrench, nut-driver, etc.) to open the motor casing 
and remove the old bearings. Replace with the new part, being sure to 
align it exactly the same way as the original. Put the unit back together, 
simply reversing your disassembly steps. 

Do not attempt to replace worn bearings with substitute “similar” 
bearings from your tool box. These fittings are critical for smooth, effi¬ 
cient, and trouble-free operation. Often the size variances are in thou¬ 
sandths, or even millionths, of an inch. What looks to be a bearing or 
bearing set of the same size could easily be wrong, and can damage the 
entire motor in mere minutes of operating time. 

WHY DOES IT BREAK? 

An electric motor usually becomes defective for just one of three rea¬ 
sons. Each can be repairable, but the time and expense involved general¬ 
ly means it’s better to purchase a replacement. The three primary rea¬ 
sons a motor stops working are binding, an open, or a short. 

Binding is a mechanical problem. It is caused by any of several 
things. Lack of lubricant is a common problem, and it is not always easy 
to cure since many motors are sealed units. The bearings or bushings 
could be worn out, or they could be lacking lubricant, or both. It’s also 
possible that physical damage has occurred. The shaft might be bent, or 
the pulley could be misaligned on the shaft. 

Binding and other physical problems are detected by examination. 
There will probably be resistance when you try to turn the motor shaft, 
but it shouldn’t be immovable, nor should it be uneven in its motion. 
(Also check to see if the shaft wiggles. This is a sign of worn bearings, 
even if the motor is not binding.) 

Open circuits are most commonly brought about by a broken or 
burned wire or winding inside the motor. In some cases, this break might 
have occurred at or near the motor’s terminal, making it easy to spot. 
When a wire is broken, current cannot flow and the motor stops. The so¬ 
lution for a break in the wire outside the terminal is to simply repair or 
replace the wires, or solder them back into place. 

If the open (break) is in the windings, it is unlikely that you will be 
able to do much to correct the problem. However, if the motor is other¬ 
wise a delegate for the trash barrel, it might be worth the effort. 

Gently remove the insulating covering of the motor windings to ex- 
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FIG. 5-8 Start your search with 
the easy and the obvdous. Are the 
wires securely connected to the 
motor’s terminals? 
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pose the coils of wire wrapped around a core. Unsolder the connection 
from the vvire end on the outside of the winding and slowly begin un¬ 
winding it. Sometimes the break is on the first or second layer. Splice the 
connection in this manner: 

1. With a knife or wire strippers, peel off the layer of lacquered in¬ 

sulation surrounding the ends of the broken winding. 

2. Twist the two cleaned and pre-tinned ends together, and resoT 

der. 

3. Cover the soldered splice carefully with insulating tape, to pre¬ 

vent the possible shorting out of some of the turns of the wind¬ 
ing. 

4. Rewind the wire, in as close to the original position as possible, 

and resolder the end to the connecting terminal to the voltage 
source. 

Warning: This process could easily ruin the motor. Do not try it on a 
motor that has a trade-in value. 

The third cause of motor malfunction is a short circuit. Somewhere 
inside the motor windings, the insulation has been scraped or burned off 
and a few or all of the winding turns have been shorted out. This means 
that the motor may try to turn, but it will either rotate slowl}^ or will just 
sit in one position and hum or vibrate. 

Most of the time, such a short circuit in the internal winding will 
lead to an arcing of the voltage from one ex{)osed hot point to another, 
and the heat will burn the winding open. The cure, unfortunateh’, is 
usually to replace the motor. 
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As detailed above, a motor that has failed due to binding or other 
physical problems can be diagnosed by examination. The second two 
causes (opens and shorts) can be detected by some simple tests. 


PROBLEM DIAGNOSIS 

As a first cut in diagnosing an appliance fault, you should understand 
exactly in what manner the appliance is failing. For instance, if the ap¬ 
pliance has a plug, is it plugged in? This may sound terribly elementar}', 
but it is an essential step in disciplined problem diagnosis. An example 
is the disposal found in the kitchen sink. Generally speaking, a disposal 
is often wired as an integral part of the home wiring system, but in some 
homes there is a little receptacle buried in the dark recesses under the 
sink, into which the disposal is connected. Putting items under the sink 
can some times crowd the space and knock the plug out of its ac recepta¬ 
cle. 

If a motor has been under heavy load or running for a long time, it 
will sometimes just stop for no apparent reason. In a situation such as 
this, look for the thermal overload circuit breaker which, if present on 
the motor, is usually a little button on the end of the motor case, often 
colored red. This button should be pushed in, which resets the circuit 
breaker allowing the motor to run again. 

These little heat protection circuit breakers can be found on a vari¬ 
ety of motors, usually associated with heavier-duty appliances or elec¬ 
tric-powered tools, but they can be found on other appliances around 
your home. 

The motor might directly drive the appliance. It might also drive it 
through the use of gears and/or belts. Visually inspect all of these parts 
for proper function. 



FIG. 5-9 Some motors como willi 
a built-in circuit breaker. 
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Chock all of tho obvious things first. More than one person has re¬ 
placed an expensive motor, only to find that the actual problem is else¬ 
where, and something very simple. 

Pa}^ attention to all of your senses. A burned winding will create ei¬ 
ther an 0 })en or a short, depending on where it is. Either way, the motor 
won’t work. That burning will probably be visible if you can get inside 
the motor. Whether 3^011 can get inside or not, the burned insulation al¬ 
most alwa 3 'S gives off a sharp odor. 

If the appliance is motor-powered, does the motor turn? If the motor 
doesn’t turn, does it make a humming sound or other noise indicating 
that power is getting to the appliance? Is it getting too hot? (If the motor 
is getting overly warm, this is an indication of it driving a load that is too 
heavy, a lack of lubrication, or both.) 

TESTING THE MOTOR 

Once disconnected from a circuit, with any pulleys, drive belts, or drive 
shafts removed or unscrewed, the motor can be checked as an indepen¬ 
dent electrical device. 

Check to see if the shaft is solidly in place. If it rotates freely but wig¬ 
gles quite a bit from side to side, the bearings are worn out, and the only 
cure is to replace those bearings. Lubrication will not help. The only 
cure is to replace the bearings, or replace the entire motor. 

Next, see if you can physically rotate the motor shaft with your fin¬ 
gers. If it is bound up, you may have frozen bearings, or overheating may 
have caused the metal to expand so much the shaft has bound some¬ 
where inside the casing. 

Especially with permanently sealed motors, once it is frozen in this 
manner it is useless. If it has no trade-in value, you might as well take the 
chance of ruining the case and motor to see if you can get it operable 
again. The best way is to take a very small electric drill, smaller than Vs 
inch, and drill a hole through the casing by the bearings or other spots 
that might need lubrication. (Be VERY careful with this. Before proceed¬ 
ing, you should already have the motor apart so that you know exactly 
where to drill.) 

Use a vise or clamp to hold the motor in place. Drill in an upward 
direction so any filings from the operation will fall outside the motor, in¬ 
stead of inside the casing and in the windings or bearings. 

Once you have a hole in the casing, you can either use some type of 
high quality penetrating machine oil, or a silicon lubricant can be 
squeezed through the opening you’ve created. Allow the lubricant to 
soak for a few hours, then again try to turn the shaft b 3 ' hand. Make sure 
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you allow enough oil or silicon to settle in place so that the shaft spins 
freely and easily, and listen closely to see that there is no grinding or 
scraping noise from inside as the motor turns. If the motor is still noisy, 
try to lubricate it again. But keep in mind that over-lubrication can be al¬ 
most as bad for a motor (and sometimes worse] than under-lubrication. 
Both can destroy the motor. 

If the shaft stays in place and spins freely, the lubrication may have 
been all that was needed. 

Check to see what type of voltage is required to operate the motor. 
An ac motor generally runs on 117-vac and can be tested by running test 
wires with alligator clip endings from the motor terminals to the voltage 
connectors on the appliance. When this has been done, carefully plug 
the appliance into a wall outlet and turn on the on/off switch. This way 
you can see if the motor is now operating correctly. If so, you can reas¬ 
semble the appliance to see if your lubrication work was enough to get 
the unit working again. 

If you have a dc motor, remember that without a load it can run for 
only a few seconds without going into high speed and self-destructing. 
Never apply ac to a dc motor. Always apply the correct value of voltage 
from a dc source, and for just enough time to see that you have freed the 
motor’s binding enough for it to run. Then disconnect the motor, the 
wall plug of the appliance, and reassemble the unit. 

TESTING WITH A VOM 

A motor winding is nothing more than a coil of wire twisted around a 
core. The wires come out to a terminal strip or other connector. It’s 
usally a simple matter to visually inspect those connectors to determine 
which contacts go to which of the internal windings. After you’ve deter¬ 
mined which leads go where, set your VOM to read ohms in the xl scale. 

The two terminals of an individual winding should show resistive 
continuity. If the VOM indicates infinite resistance when placed aross 
the terminals of a winding, there is an open somewhere in that winding. 
(If there is continuity between two different windings, there is a short be¬ 
tween those windings.) 

The reading for continuity should be very near zero. However, it 
should not be zero. The wire inside the motor should give a small read¬ 
ing. A reading of zero probably means that you are doing something 
wrong. It could also mean that there is a direct short between the two 
contacts. 

Just as you should get continuity through a single winding (a read¬ 
ing of close to zero ohms), there should be a reading of infinite ohms be- 
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FIG. 5-10 Testing a motor with a VOM. 


tween different windings. You should also get a reading of inifinity be¬ 
tween any of the leads and the motor casing. A reading of any resistance 
here (that is, any reading less than infinite ohms] means that the motor 
windings are shorting, if only slightly, with the case. This is a dangerous 
situation. 

Since this test is both for the motor and for your own safety, carry it 
out carefully. Set your meter in the highest range for resistance. In the xl 
range, a full-scale reading may or may not indicate infinity. In the xlOOO 
or above range, that full scale reading is more likely to mean what it indi¬ 
cates. 

Other electrical parts of the motor can be tested with a VOM. If the 
motor has a capacitor, for example, the VOM can provide a quick, al¬ 
though not entirely reliable, test. 

Short out the capacitor first to drain off any charge it might have. If 
at all possible, disconnect at least one of the two leads. (The order of 
events is important here: drain the capacitor of charge before either dis¬ 
connecting it or touching it with your fingers.) Now touch the probes of 
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your meter to the capacitor leads. The needle should swing to a low-re¬ 
sistance reading, and then drift back towards infinity. The meter is put¬ 
ting a slight amount of current into the capacitor. As it "fills up," it be¬ 
comes more and more resistant to accept more. Hence the change in the 
reading. 


MOTOR DISASSEMBLY 

The exact steps for disassembly of a motor will depend on the particular 
design of that motor. The method used by the manufacturer to assemble 
the unit must be followed precisely, right down to which screws and 
spacers go where, and in which sequence. 

Go very slowly. Take thorough notes. Make sketches where appro¬ 
priate. Without notes and sketches, you could get inside, fix the prob¬ 
lem, and then be unable to successfully reassemble the motor again. 

Keep in mind that many of the motors used today are not meant to 
be opened. This design is meant to help keep dust and other contami¬ 
nants out. It also means that such a motor is often impossible to repair. 
It’s disposable, just like some of the new razors on the market. 

REPLACING A MOTOR 

There are times when an exact replacement motor is not available. If you 
can find a motor of the same physical size, with a shaft of the same thick¬ 
ness and length, operating on the same voltage, and that you can re¬ 
mount in the same position as the original, and in the same manner — 
then it may be possible to substitute this for the original. However, un¬ 
less you are well versed in motors and motor types, you are better off 
working with exact replacements. 

In replacing a dc motor, correct polarity (plus to plus, ground to 
ground) is important. Make sure you solder or attach the screw tap con¬ 
nections to the replacement exactly as they were on the original. Again, 
your notes and sketches are important. Wire up the new motor exactly 
the same way as the old one you took out. 

MAINTENANCE 

There are three basic parts to proper motor maintenance. I’he first, and 
easiest, is keeping it clean. The second is keeping it projjerly lubricated. 
The third is keeping an eye on all related jiarts. 

Dust, dirt, lint, and so forth are deadly enemies of anything ineclian- 
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icnl. Allow a motor to bocome dirty and it will almost certainly begin to 
have troubles, 'rhoroughly clean all motors and related parts on a regular 
basis. How often depends on bow and where the motor is used. A visual 
inspection every few months is a good idea in any case. 

It should be quickly apparent if the suspected motor is designed to 
accept oiling. These motors need lubrication, but it can present prob¬ 
lems if handled improperly. All motors and drive gears should be lubri¬ 
cated at least once every six months (more frequently if suggested by the 
operating manual). But lubricant must be applied carefully. Excess oil 
can not only damage parts, but it will also collect and gather any dust or 
dirt in the area, aggravating an already difficult problem. 

Use light machine oil (3-in-l is a good type). Be sure to wipe up any 
excess spills with a soft cotton cloth. It helps to lightly moisten the cloth 
with denatured alcohol [not rubbing alcohol). 

If you get careless and accidentally spill some oil, clean it away im¬ 
mediately. In cases where belt drives begin to slip after an oiling, the in¬ 
ner surface of the belt (where it runs across a drive shaft or pulley) can be 
“dressed” with either soap or beeswax, just as an automobile drive belt 
can be dressed when it slips. Just hold the bar of soap or beeswax against 
the inner surface of the belt as it turns. Excess oil will be absorbed and 
the belt will begin to “grab” better. You can actually hear the belt-driven 
device increase in its rotating speed. 

In such dressing operations, be sure to use common sense safety 
precautions. Make sure your fingers, hands, and the soap or beeswax 
won’t get caught in any moving mechanism. Apply the dressing cau¬ 
tiously. Also, check to see if the appliance comes with some type of belt 
tightening adjustment screws or springs. These may be repositioned to 
tighten a belt after prolonged use. 

If a drive belt still slips after dressing and tightening attempts, it has 
stretched out of shape and must be replaced. An exact replacement is 
necessary. Any substitute is only a temporary solution to make an appli¬ 
ance work again. It might seem to work okay, but the improper replace¬ 
ment can put a severe torque strain on the drive motor, leading to perma¬ 
nent damage to the motor and to other parts. 

This is especially critical in heavy-duty appliances such as vacuum 
cleaners, electric lawn mowers, and power tools. Replacement motors 
are a heck of a lot more expensive than replacement drive belts. Don’t tr}^ 
to save pennies by using a substitute belt replacement— which will 
quickly burn out the motor after seeming to effect a satisfactory^ “repair.” 

Motors driven by ac power often have condensers (capacitors) di¬ 
rectly mounted somewhere on the motor casing. These are usually of the 
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electrolytic type. This means the condensor is manufactured with an 
electrical insulating paste between the metal plates of the device. After 
two or three years time, the paste begins to dry out and the capacitor be¬ 
gins to leak (allow the passage of dc voltage). A capacitor is designed to 
pass ac voltages and block dc. As normal maintenance, electrolytic con¬ 
densers should be replaced after they are three or four years old, even if 
they still seem to check okay on a VOM test. This replacement of an in¬ 
expensive part can save big costs if the capacitor goes completely bad 
(shorts out) and destroys the motor or the unit’s power supply. 
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Chapter 6 

Heating Elements 
and Thermostats 


Irons, heating pads, hair dryers, electric skillets and cookers, electric 
blankets, toasters, hot plates, coffee makers, and all types of ovens or 
broiling units make use of some form of heating element. And this is 
only a partial list. Basically, any appliance that has heat as a function has 
a heating element to provide it. 

Most of the units with heaters are thermostatically controlled, 
meaning that a device causes an electric switch to turn on or off when 
certain operating temperatures are reached. Many also have some form 
of temperature control, usually via something called a rheostat. 

The purpose of this chapter is (1) to demonstrate the way these relat¬ 
ed units work and (2) to show you how faulty devices may be checked 
and then repaired or replaced. 

HOW IT ALL WORKS, BASICALLY 

Rub your hands together quickly. The friction will create heat. The more 
friction there is, the more heat there will be. The less friction, the less 
heat. 

The same happens in an electrical conductor. A wire with low resis¬ 
tance, such as those in the walls of your home, allows electricity to pass 
through without a large heating effect. Any electrical conductor that of¬ 
fers a high resistance to the passage of electricity becomes a heating ele¬ 
ment. The energy required to force the current through the resistive wire 
is passed off into the air around the material as heat. 

Heating coils and elements are made of metal alloys of chromium. 
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FIG. 6-1 A heating element schematic. 


nickel, tungsten, aluminum, and other metals in combinations that are 
physically strong and durable as well as heat generating. Nichrome, an 
alloy of nickel and chromium, is one of the most common alloys used for 
heating elements. 

Various control devices, such as thermostats and rheostats, can be 
placed in line with the heating element. A thermostat is an automatic 
switch. When the current flow causes the heating element to reach a cer¬ 
tain temperature, the thermostat causes the current to be cut off. With an 
adjustable thermostat, you can set the thermostat to shut off current flow 
at whatever temperature you select. 

A rheostat can also be put in line to govern temperature. The rheo¬ 
stat is a variable resistor that controls the amount of current flowing 
through the heating element. The more current, the more heat; the less 
current, the less heat. 

However simple or complex the overall system, there are three basic 
ways in which heating elements and related parts are internally connect¬ 
ed to the unit’s voltage supply wiring; plug-in, lug connections, and 
welded or soldered. 

PLUG-IN UNITS 

Plug-in units have either prongs similar to those on an electrical cord or 
specially sized prongs or sleeves shaped to slide over the contact mounts 
on the appliance. This is the easiest type of heating element to disassem¬ 
ble, test, or replace since removal and reinsertion is a simple matter of 
unplugging and plugging. 

There can be two problems, however. If an appliance has been in 
use for a long period, the contacts may be almost frozen into place by 
corrosion, by being slightly bent, or by a build-up of grime that has 
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FIG. 6-2 A plug-in heater element. 


packed the contact slots. This is especially common when there is water 
around the heater element and/or the contacts. You’ll have to be careful 
when removing the plug on such a unit, especially since corrosion might 
have weakened the prongs. 

Don’t just assume that the element won’t come out because of the 
build-up. Before attempting to use force to jiggle or pry tight plug-in 
units from their sockets, study the device carefully to see if the manufac¬ 
turer has placed small holding or set screws somewhere as a locking de¬ 
vice. 


LUG CONNECTIONS 

Sometimes the wires leading to and from the thermostat or heating ele¬ 
ment are equipped with spade or eyehole lugs, designed to slip over or 
under contact lugs, screws, or bolts. That’s a complicated way to say that 
the element plugs in, but with wires and connectors instead of more di¬ 
rectly. 
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FIG. 6-3 A heater element with lug connectors. 



Before running out to buy a replacement element of this type, be 
sure to inspect the wires and connectors, and then use a VOM to test that 
the lugs are properly soldered or clamped onto the wire endings, and are 
making proper contact. Once again, the biggest enemies are grime and 
corrosion. What appears to be a fault with the heating element could be 
nothing more than a lug and wire that is no longer making contact. Often 
an open or partial break in the lug contact or in the lead-in wire itself can 
be at fault, rather than a damaged or open element. 

Wire and lug troubles can be easily repaired at home, avoiding the 
cost of purchasing a replacement element. You might have to replace the 
lug if it is too far gone, but the 5$ cost of a replacement lug is better than 
spending $15 for a new heater element. 

WELDED OR SOLDERED UNITS 

Some elements and their connecting wires are spot welded or silver sol¬ 
dered onto the proper voltage contacts within the appliance. This is a 
particularly common method of attaching the element wire to the overall 
heating element unit. Replacing such elements and other spot-welded 
parts can be difficult, and in some cases will be impossible without the 
proper equipment. 

If regular electrical solder is used to install a replacement, the heat 
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FIG. 6-4 Spot-welding on a heat¬ 
er element. 


generated in making the element work will be sufficient to melt the sol¬ 
der. To prevent the solder from melting, manufacturers generally either 
spot weld or silver solder any direct connectors to the coil. 

Spot welding is just what the name implies. It is a weld (a joining of 
metals at very high temperature) in a small spot. The result looks like a 
small indent or burned spot. This creates an almost permanent joint, and 
one that won’t melt or let go unless the temperature climbs far above the 
operational level, in which case the element wire will melt long before 
the weld does. 

Silver soldering is a special technique for making heat-resistant 
electrical contacts almost as strong as spot welding. A solder containing 
silver is used, which melts only at a very high temperature, and once it is 
in place, the temperature needed to melt it again is even higher. Once 
again, before the solder itself melts, the element wire will melt. 

To replace spot-welded elements, it is sometimes necessary to use 
special crimping tools, or heat-generating crimp/clamps. Even if you 
have the proper equipment, spot welding or silver soldering can be diffi¬ 
cult. It depends on the circumstances and where the weld or solder is. 

WHAT GOES WRONG? 

There’s not much to go wrong with the heating element. It’s one of those 
situations where it either works or it doesn’t. Diagnosis and testing of the 
heating element and the appliance as a whole relies on the process of 
elimination. 

Basically an appliance that uses heat consists of a power cord, a 
switch, a pilot lamp, a thermostat, a rheostat, and the heating element it¬ 
self. (Not all heating appliances will have all these parts. Some will have 
other parts and control circuits, which can be diagnosed separately.) 
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FIG. 6-5 Malfunctions originate in one of three locales: between the service entrance 
and the outlet; between the outlet and the appliance; or inside the appliance. 



FIG. 6-6 If the problem is inside the appliance, it can only be in a few places: the 
switch, the thermostat (or rheostat), the contacts, or the heating element. 


Keep this basic plan in mind when you are troubleshooting a malfunc¬ 
tion. 

For a totally nonfunctioning appliance, or one that is blowing fuses, 
there are two possibilities. The fault could be between the service en¬ 
trance and the outlet, or it could be from the outlet and into the appli¬ 
ance. This sounds (and is) so simple that many people ignore the obvi¬ 
ous, and will tear apart the appliance, then spend the money to replace 
the heater element, only to find that the whole problem in the first place 
was nothing more than a circuit overload. 

Particularly with appliances that heat, this first step in the j)rocess 
of elimination cannot be ignored. Due to the heavy current draw of any¬ 
thing that purposely generates heat from electricity, jjroblems of circuit 
overload are more common. (You can usually skip this step jf the appli¬ 
ance has a function other than heating and those other functions work, 
or if other appliances operate j)erfectly on that outlet or circuit.) 

Once you know for sure that the problem is not in the circuit or out¬ 
let, you can begin eliminating the other })ossibilities. If it’s not the cord 
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‘^oiiig to the appliance, then it’s in the aj)j)liance. If tlie heating (ileinent 
t(‘sts okay, then the pr()l)lein is inside the aj)pliance between the luiating 
(denuMit and where power enters the apj)liance. y\nd so on. 

Much of the time the sourcci of the probhnn can he spotted visually. 
'I'he heating a{)pliance draws fairly heavy current, and this means that 
hums, nndts. and other damage can occur. For example, if the wire of the 
heating element is exj)osed to view, you might be al)le to quickly si)Ot a 
melt in the wire. Or you might see a burned contact or other component 
that has been charred or damaged from heat. (However, wire elements in 
appliances that create a lot of heat will become discolored and be per¬ 
fectly fine.) 

Probably the most common failure is a burn-out of the element it¬ 
self. The heater element is made of high-resistance material and is de¬ 
signed to heat up. However, no matter how well made, each time the ele¬ 
ment heats, stress is placed on the material. Sooner or later, even the best 
heater element will give out. How it does so, and how soon, depends on 
the appliance. The element wire itself might melt. Or sufficient corro¬ 
sion might develop along the element or at the connectors that the cur¬ 
rent flow needed to create heat decreases or ceases altogether. 

The thermostat might freeze up, either on or off. The rheostat might 
become so corroded that the corrosion forms a layer of insulation be¬ 
tween the internal contacts. Even more common, the contacts between 
the parts, which are often exposed, will corrode and then either break or 
simply stop passing current. 

Fortunately, almost all of these things are easy to diagnose. Repair 
usually requires a replacement of that part, but that is almost always far 
less expensive than replacing the appliance itself. 

TESTING THE HEATING ELEMENT 

The heating coils and their contacts are often visible when an appliance 
has been taken apart. If the element is damaged from overheating or age, 
this can often be seen in the form of an obviously melted wire, a crum¬ 
bling wire and/or insulation, or other such damage. 

If you don’t see damage, or if the element itself is not visible, make a 
continuity check with your VOM. You should get a very low resistance 
reading [although not one of zero ohms) from one lead of the heating ele¬ 
ment to the second lead. If you get a reading of zero, you’re probably not 
using the VOM correctly. A reading of infinity means that the wire of the 
element has broken, has melted, or that corrosion has reached a point ei¬ 
ther in the element or in the contacts so that current flow is seriously im¬ 
peded. 
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FIG. 6-7 Testing a heater element with a VOM. 


Most coils resist ac current. This form of electrical resistance, called 
impedance, cannot be measured with the VOM. But if the meter shows 
continuity from one lead to another, the element is not open, and is 
probably okay. Check elsewhere in the appliance for that particular 
problem. 

Many heaters and heavier-duty appliances have more than one heat¬ 
ing element. In these cases, separate heating coils are used for various 
temperature ranges, with switching (either manual or via relays) to shift 
between the various ranges. This is especially true in the case of heavy- 
duty electric irons and baseboard or wall space heaters. 

Other appliances may have two completely separate elements. An 
automatic coffee maker is a good example, with one heating element 
used to heat the water, and a second element used to keep the coffee 
warm. 

If the malfunctioning appliance has two elements and both go out 
simultaneously, it’s rather unlikely that both woidd have burned out at 
the same instant. Instead of wasting time testing both elements, look 
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elsewhere first. Both elements are supplied from the same outlet. Except 
for large appliances that require 220 volts, both are probably supplied 
from the same wires and the same switch. Start your testing with these 
common items. (Chapter 2 gives you all the information you need on 
testing cords, switches, and so on with your VOM.) 

Before putting away your meter, also test for continuity between 
both element contacts and ground. You should get no reading (or, rather, 
a reading of infinite ohms). This shows that the element is isolated from 
the metal chassis. A reading means that something has shorted out. It 
could be something as simple as moisture, or something as deadly as a 
wire touching the metal chassis of the appliance. Either way, if you get a 
reading between the heater element and ground, do not attempt to use 
the appliance until the source of the problem has been found and re¬ 
paired. 

A problem that is a little more difficult to track down is an appliance 
that works, but only partially. It might heat up when it is turned on, but 
not enough heat energy develops to do the job properly. In these in¬ 
stances, only one of the several heating coils or elements may be faulty. 
Even more likely, the element is simply wearing out. This will show by a 
high, but not infinite, resistance across the element (as shown by testing 
with a VOM). Pinpoint and repair or replace the bad element, and the de¬ 
vice is at like-new efficiency once more. 

REPAIRING THE ELEMENT 

When a heater element is malfunctioning, the usual repair is to replace 
that element. Sometimes this is simply a matter of unplugging the old el¬ 
ement and plugging in the new one. Other times it might require remov¬ 
ing the element wire and then carefully fishing the replacement wire 
through the insulators. 

Some very simple heating coils, such as may be found in inexpen¬ 
sive room heaters or in small one- or two-burner electric hot plates, may 
burn open from aging or through being used for too long a time in the 
high-temperature thermostat range. In emergencies, or when you expect 
to use the device mostly in the low or mid-range heating mode, a quick 
repair can be made by slightly stretching the coil so the two open ends 
slightly overlap and touch each other. Special clamps can be used to 
hold the two ends together. Such a “repair” will eliminate one or two 
turns of the coil, so its overall resistance (impedance) will be slightly 
lower (resistance is determined in part by the total length of a conduct¬ 
ing material). The patched coil will not get as hot as a new replacement. 
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but on low or medium heat it may last just as long as the original did on 
high heat. 

An inadvisable method of repair is to pseudo-spot-weld the wires. 
This involves bringing the two wire ends close together, so that they just 
barely touch. Carefully apply electrical current, watching the spliced 
coil. A flow of current will jump (arc) from one broken wire to the end of 
the other, and this quick arc will spot weld the splice. 


THERMOSTATS 

The “brain” of any heating device is the automatic control that varies the 
temperature of the appliance according either to diurnal (day to day) 
conditions or the need of the operator. This is the thermostat. Several 
types are in use in any modern household, from the basic heating-cool¬ 
ing thermostat used to control the home’s central heating and cooling 
units, to the small internal devices used to automatically maintain the 
proper temperatures in hot water heaters, coffee makers, or baking ov¬ 
ens. 

There are several types of thermostats, but most work on the basic 
principle that metals of two different types will expand or contract un¬ 
equally when heated. Two metals in what is called a bimetal strij? will 
bend or change shape according to temperature changes, and this move¬ 
ment is used to operate an automatic electrical contact switch. The 
opening and closing of this switch turns the heating (or cooling) element 
on and off. 

When bimetallic thermostats are controlled by a rheostat, the turn- 
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FIG. 6-8 The function of a himotallic thermostat, closful [top) and open. 
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of (h(' knob chani^i’s tlin r(ilativ(^ position of tlio two pieces of metal. It 
takes inoit? or less air tinnpcn'atiire cliange to make the two metals 
('\j)an(!/contraet enough to make the electrical contact. 

Very simph^ tliermostats are used as tlie heat controls for water heat¬ 
ers and many coffee makers. In ap])earance, these seem to he dull silver- 
colort'd "lumps" on a short piece of wire. Inside the “lump” is a bimetal¬ 
lic switch. Other times the thermostat will be more exposed; in some the 
bimetal strip will he quite visible. 

few of the control devices are thermisters, or varistors, which are 
somicomluctors (transistor-like devices) that are subject to changes in 
internal resistance when different voltages or amounts of heat are ap¬ 
plied. The changing resistance becomes the controlling effect, or “brain” 
for the appliance. 

In total home heating and cooling operations, it is often discovered 
that a single centrally located thermostat does not do the job of control 
properly. The spot selected for the thermostat location is too hot or too 
cool in comparison with the rest of the home. For this reason, many peo¬ 
ple decide to switch over to multi-stage thermostats, with separate ther¬ 
mostat control used to set temperature for different areas in the home. 
(Multiple thermostats can be complicated to test, but it can be done by 
following the process of elimination.) 

SOLID-STATE THERMOSTAT CONTROLS 

Newer appliances utilize computer-type switching devices. A heat-sens¬ 
ing thermostat can be built right into a tiny IC (integrated circuit) chip, 
along with transistorized switching networks. As the ambient tempera¬ 
ture of the air or the material being heated or cooled changes, the minia¬ 
ture thermostat “reads” the change and “instructs” the switching net¬ 
work to turn the appliance on or off. 

These sensing chips are relatively inexpensive and cannot be re¬ 
paired (although they do go bad). If this is the type of thermostat control 
on some of your home appliances, you will have to obtain an exact re¬ 
placement of the chip from the manufacturer or service dealer. And 
more likely, you will be required to purchase the chip and all of its asso¬ 
ciated circuitry on its mounting board. 

TESTING THE THERMOSTAT 

Before wasting a lot of time in testing a suspected thermostat, first visu¬ 
ally examine the thermostat and an}^ contacts. The whole problem could 
be something as simple as dirty or pitted contacts. After you’ve deter- 
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mined that the thermostat is the most likely cause of the trouble, you can 
go on with testing of the unit. 

Since thermostats are switches, and normally open when discon¬ 
nected, test meters are of limited use in checking to see if the device is 
faulty. The best test is operational. Once a heating element and other 
components have been tested okay, and if you know that voltage is being 
supplied to a device, poor heat control is a sign of a bad thermostat. Re¬ 
pair is usually by replacement of the thermostat unit as a whole. Re¬ 
placements are usually quite inexpensive —from $3 to $10 in many 
cases. 

Sometimes you can go farther with testing. Other times you cannot. 
It depends on how the thermostat functions in that particular appliance. 

First place a wire across the two prongs of the plug to the appliance 
(after it has been unplugged from the outlet, of course). This shorts out 
the thermostat and the appliance in general. 

Set your meter to read resistance in the xl range. Now touch the two 
leads of the thermostat. With the on/off switch of the appliance in the on 
position, you should get a reading of continuity across the thermostat. 



FIG. 6-9 Testing a thermostat with a VOM. 
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FIG. 6-10 Thermostat control assemblv' for an electric skillet. 


This shows that the contacts of the thermostat are closed, and that cur¬ 
rent should be flowing. 

However, this test doesn’t tell 3^11 if the thermostat is full\' function¬ 
al —onl}^ that it should be allowing current to flow when the appliance is 
first turned on. If the contacts are fused together, the thermostat will not 
be able to do its job of shutting off the current. If the thermostat breaks 
contact too soon, due to maladjustment or wear, the heating element 
won’t get enough current. 

Sometimes a meter may be used more successful!}' for thermostat 
checking in some appliances, such as a hot water heater. Set the VOM in 
a high ac voltage range (above 250 vac), and place it across the voltage 
source (input) to the water heater. Rotate the temperature control rheo¬ 
stat from the lowest to highest temperature setting. At some point, you 
should be able to hear a light “click” as the thermostat contact is made. 
At this point, the voltmeter should indicate a drop in voltage as a load 
(voltage being applied through the thermostat to the heating element) is 
applied. If you hear this click and are able to read this voltage drop, but 
the water heater still does not go on, then the problem is probably in the 
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basic heating element under the tank. Due to the construction of a water 
heater, it is best to replace the entire water heater when a heating ele¬ 
ment goes, especially if the unit is more than eight to ten years old. 

Similarly, a voltmeter may be used to check thermostat or thermis¬ 
tor operation in a small coffee maker. With the unit disassembled for me¬ 
tering access, measure the ac voltage from one lead of the electric cord 
across to the input side of the thermostat. If you read voltage there, but 
cannot obtain a voltage reading from the same side of the ac cord to the 
output side of the thermostat device at a time when that control should 
be turning on a heating element, then the thermostat is likely bad, or the 
heater element has opened. Repair of either is a matter of replacement. 

TIMERS 

Although a timing device isn’t exactly a thermostat, it can be used to 
start or stop current flow at preset times. Timers are simple clock mecha¬ 
nisms, with the clock timer on a rotating wheel. Electrical or switching 
contacts are placed on the moving timer, so that at certain preselected 
times a heating, cooling, or cooking device will be automatically turned 
on or off. Many radios, coffee makers, space heaters, and electric ovens 
have such timers built-in as a basic part of the appliance. 

Often, a timer-controlled appliance will have a built-in outlet, much 
like a wall outlet socket. This means that the unit is designed so the own¬ 
er may operate a separate device off of that timer, or that the outlet has 



FIG. 6-11 A switched outlet is used in some appliances to supply power to another 
piece of equipment. 
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l)t'('n (it'signod as a separate voltage source to bypass the timer. Examples 
of this are video tape recorders that may be plugged into a wall outlet, 
rhe \ id(K) machine operates off of an internal timer, preset by the owner. 
rh(’ unit also txmtaius an outlet plug so the TV set can be connected di¬ 
rectly to the \'CR. but the TV set is not on the timer. This outlet serves as 
nothing more than an extension cord or extension plug for the owner, 
saving the wall outlet for use by some other appliance such as a lamp. 
Other controlling switches may be located in conjunction with thermo¬ 
stats. These may be humidistat controls to adjust operation according to 
humidity, or they may be some form of electronic air-cleaning or air-fil¬ 
tering controls. All are switches of some type, and they may be checked 
and repaired or replaced. 

Occasionally, in less-expensive small appliances, temperature is 
varied either by a switching arrangement or by a variable resistor (rheo¬ 
stat). In switch set-ups, different positions are used to either change the 
amount of current fed to a particular heating element, or are used to 
switch the voltage/current feed from one heating element to another. 

In rheostat arrangements, a relatively high-wattage (high power dis¬ 
sipation) variable resistor is used as a voltage divider. Changing the rota¬ 
ry position of the variable resistor raises or lowers the voltage pressure 
applied to the heating element. Less voltage means less power will be 
dissipated as heat energy when current passes through the heating ele¬ 
ment. Changing the rheostat to increase the voltage will result in a heavi¬ 
er power dissipation through the element and more heat energy. 

MAINTENANCE 

Because there are so many switches and moving or slide contacts, poor 
operation of a heating element can be a simple matter of lousy electrical 
contact. There are several methods for burnishing, or improving the con¬ 
tinuity of a movable electrical contact. Both surfaces may be rubbed 
lightly with the rubber eraser at the end of a pencil. Hardware stores car¬ 
ry small contact burnishing tools, a type of small file or sanding device 
that can be used to scrape away grime and oxidation from contact points. 

An aerosol spray contact cleaner provides another possible cure. A 
warning, however. Be sure to purchase nonlubricoting contact cleaner. 
Several aerosols are on the market that are specifically designed for use 
on television tuners. They contain a lubricant, or a silicone concentrate, 
along with the contact cleaner (alcohol or some other fast-evaporating 
cleansing agent). The lubricated sprays are fine for TV tuners, but if they 
are used on switch or rheostat contact points in an appliance designed to 
heat, the lubricant will remain as a dust-gathering contaminant. A build- 
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up of dirt will quickly cause the switch, contact, or rheostat to go bad 
again, possibly damage it severely. 

Most heating elements have no moving parts unless a fan driven by 
an electric motor is used to disperse the heat. Maintenance is a matter of 
simple cleaning and keeping dust, oil and grime off the element. Gener¬ 
ally no more than once a year, use the reverse blowing setup on a vacu¬ 
um cleaner or an air compressor to blow dust off these elements, or wipe 
gently with a dry cloth (moisture is a conductor, and if the coils are wet 
when electricity is applied, a short may develop and destroy the ele¬ 
ment). 

Simple cleaning of heater elements is a procedure many people tend 
to forget. Check to determine if the appliance you’re working on has an 
air filter. Filters in forced air systems clean the air that enters the appli¬ 
ance. While this protects the inner components, those filters can cause a 
problem. If clogged, the internal temperature can rise, causing the ther¬ 
mostat and other controls to operate falsely. The result is improper oper¬ 
ation and possible damage to the appliance. 

Filters of the throwaway type need replacement from time to time 
(check your owner’s manual for frequency of replacement). Other types 
of filters may be removed and cleaned with cool water. 

Grills or registers and thermostat devices themselves also require 
frequent cleaning, since dust and small objects can easily fall into them. 
Gleaning can usually be accomplished by using a vacuum cleaner or an 
air blower. 

In any heating or cooling device, keep the fan blades clean. When 
they become loaded with dust and lint, as can often occur if left unat¬ 
tended, their ability to move air is cut down. Most blowers/fans have 
blades that are easily accessible for cleaning. You can reach them with a 
small brush or soft cloth. If the blades are not so easily reached, you 
should disassemble, clean, and adjust the blower/fan at least once a year. 

Any belt that powers a fan blade should not be stiff or too loose as it 
winds around any drive pulley. Properly adjusted, a drive belt should 
have from Vz to 3/4 inch of slack, or play. If the belt appears worn, replace 
it. A maladjusted drive belt will not only cause a mechanical malfunc¬ 
tion, but it could also cause the thermostat, other controls, and the heat¬ 
ing element itself, to malfunction. 

Thermostats sense the ambient temperature and then turn its associ¬ 
ated appliance either on or off accordingly. A coating of dust or grime 
will make it unable to detect any but the widest temperature changes, 
and the thermostat will lose efficiency. Glean them annually. This holds 
true for the tiny thermostat controls for coffee makers, electric skillets, 
and other cooking/heating home appliances. 
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Chapter 7 

Appliance Purchase and Care 


Most modern appliances require little or no maintenance. With some, 
the disassembly required for internal maintenance isn’t worth the risks. 
Small appliances in particular are often meant to stay closed. 

However, there are some things that you can do to lengthen the life 
of your appliance, while reducing the number of times that you have to 
call in the serviceperson or replace the appliance. 

Most of it is common sense, and proper cleanliness. It doesn’t re¬ 
quire a lot of time or effort. And for that slight investment, you can in¬ 
crease the life of your appliances while cutting the costs to keep your ap¬ 
pliances running perfectly. There is no better way to repair an appliance 
than to keep it from breaking down in the first place. 

Start thinking of preventive maintenance even as you are making 
the purchase. Will the appliance do the job you want it to do in your 
home? Does it have the features you need? Will it fit? Is it compatible 
with the wiring in your home? This involves some careful shopping on 
your part, and even a few measurements and calculations. 

WILL IT DO THE JOB? 

It’s common for a new purchaser to expect an appliance to do something 
it can’t. This both causes disappointment for the owner, and could tempt 
the owner to use the appliance in a situation where it could be damaged. 

This is the first problem. The appliance \'ou bu}' should be capable 
of doing what you want it to do. And you shouldn’t try to get it to do 
things it isn’t designed to handle. 

Putting undiir train on the small appliance will cause something to 
give, and what will “give” is the appliance. 
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The more complex the appliance, the more likely it is that some¬ 
thing will go wrong sooner or later. So don’t necessarily buy the most 
feature-filled appliance you can find. If you won’t need those features, 
they are just more things to cause you trouble. 

PHYSICAL SIZE 

Physical installation is not an issue with most small appliances, but 
some can present a problem, both in where they will be placed while in 
use, and where they will be stored while not in use. 

That kitchen counter may not have enough room for both the toaster 
and the coffee maker without having one of them dangerously close to 
the stove. That will mean that you’ll either have to find another counter 
for the appliance, or find a place to store it while it is not in use. 

Many of the small appliances used in and around the home are used 
for a short time, then put away until they are needed again. Store it prop¬ 
erly. Improper storage can spell the ruin of that appliance. (Your electric 
drill, for example —do you know it’s not rusting away in a damp base¬ 
ment?) 

POWER REQUIREMENTS 

Be sure you know the power requirements for the appliance you intend 
to purchase. In particular, appliances that heat should be checked for the 
amount of current that they draw. The larger the appliance, the more im¬ 
portant this is. In some cases you’ll have to provide a separate outlet just 
for that appliance. Power consumption should be listed clearly on the 
appliance label. If it’s not, ask the dealer to show you where the rating is 
listed in the instruction manual. 

The amount of current can be roughly estimated by using the formu¬ 
la I = P/E, where I is the current in amps, P is the number of watts con¬ 
sumed by the appliance or other device, and E is the home voltage. (This 
last will be either 117 or 234.) To use this forumla you’ll still need to 
know the number of watts consumed. 

For example, the current used by a 60-watt light bulb is 60 watts/117 
volts, or .51 amps (approximately 1/2 amp.) A device that uses up 1400 
watts will draw 1400/117, or about 12 amps. 

Be sure not to come too close to the 15-amp rating of the standard 

circuit. If you plug that 1400 watt device into a circuit, don’t think that 

you can safely load up that same circuit with the 355 watts that brings 

the circuit to exactly 15 amps of current draw. If the line voltage drops 

temporarily to 110 vac, the current flow with that 1400-watt appliance 
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FIG. 7-1 A dedicated outlet. The 
notch in the outlet indicates that 
the outlet is for 20-amp service. 


will increase to 12.7 amps. Everything else on that circuit will also draw 
more current. So if the circuit is presently carrying 3 amps (such as six 
lights), and you plug the new 1400-watt toaster into the same circuit, 
you’re already at 15 amps total. If the line voltage drops, you’ll probably 
blow a fuse or breaker. 

Think carefully about where you will be placing the new appliance, 
especially in regards to power consumption. If the spot you plan to in¬ 
stall the appliance has power available only through a circuit that is al¬ 
ready at capacity, the new appliance could easily push that circuit be¬ 
yond its ability to supply power. 

BEFORE YOU BUY 

“You get what you pay for’’ is true in many respects. A difference in 
price of $10 on a $500 appliance doesn’t mean much. But if one appli¬ 
ance has a $500 price tag and a similar one is selling for $300, you can 
bet that there is a reason. (This rule does not apply to items that are on 
sale.) 

Look for good physical construction, whatever the appliance is. 
Panels should fit well and be fairly solid. Switches should have a good 
feel to them, and not be sloppy or loose. 

Ask the dealer for a demonstration of how you would go about rou¬ 
tine cleaning. Don’t believe him if he says, “None is ever needed.’’ That 
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appliance might require very little cleaning or other maintenance steps, 
but all will require some — certainly more than just wiping down the out¬ 
side case. 

Ease of servicing is also important. This shows a good design, and a 
manufacturer who has bothered to think things out before putting that 
product on the market. Ask the dealer about servicing and parts avail¬ 
ability. He should have at least some idea of where you can get parts lo¬ 
cally if you need them. 

A few manufacturers have taken the time to design their appliances 
intelligently. Parts that tend to wear out, such as heating elements, are 
easily accessible. An unfortunately large number of manufacturers seem 
purposely to design their products so that you have to ruin the appliance 
to get inside. For example, on a particular hair dryer, the main case is 
held together by screws, but before the case comes apart you have to re¬ 
move the front nozzle-like piece —and this is glued in place. The only 
way to get it off is to break it off. 

Visually examine the appliance before you buy it. You should be 
able to see how it comes apart —or how it has been designed to not come 
apart. 

BRAND SHOPPING 

The single best way to know which brand and model to get is to have a 
personal recommendation from a friend who owns one. If it has worked 
flawlessly for years for your friends, it’s a fair bet that the design and 
construction are sound. 

Some people have a brand name preference; others prefer to save a 
bit and buy a lesser-known brand that comes with a good reputation or 
recommendation. 

You do pay extra for the name, but not as much as you might think. 
There is usually a reason that the well-known brand costs more. Part of 
the reason is simply that they can charge more due to their reputation. 
More important to you is that the extra cost pays for a number of ser¬ 
vices. 

The manufacturer might have large research facilities, used to find 
and correct faults in previous designs. Others have special service 
schools for their field representatives. A few even have toll-free numbers 
for their customers to use. More important, and also as a general rule, the 
major brand names will make it easier to find parts, and to find service 
when it is needed. 
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THE DEALER AND THE WARRANTY 

When you bii}^ a new appliance, you are also buying a warranty that says 
that the appliance will work as specified for a certain period of time. If it 
doesn’t, it will be repaired free of charge. 

You can run into several problems here. First, if an appliance is still 
under warranty, do not attempt to repair it or even open the case. This 
will probably void the warranty. It can be expensive to find out. 

Before you purchase the new appliance, ask what the warranty peri¬ 
od is. The longer this period, the better. In most cases it will be between 
30 and 90 days. 

Just as important as the warranty is to know who does the servicing. 
If the dealer doesn’t, he should at least be able to tell you who does. If he 
has no idea who can handle the servicing —and particularly servicing 
while under warranty —you might start considering going to another 
dealer. 

The Yellow Pages in your area will give a listing of companies that 
offer repairs for large appliances. Not many of them care to bother with 
small appliances. This can be a problem, especially if you’re trying to 
track down a reliable company on your own. The dealer should be able 
to help. 

It is an unfortunately common practice these days for the dealer to 
have no servicing available. One of the worst of the new policies you see 
is the tag on the new appliance, “Do not return this appliance to the 
dealer. Send it directly to the manufacturer.’’ But that manufacturer 
might be on the far side of the country, or even outside the country. 
Shipping costs can get expensive very quickly. And if you don’t proper¬ 
ly package the appliance, it can get damaged in transit. 

Almost as bad is the amount of time involved. Your coffee maker 
has failed. So, you get the packaging materials ($$$) then drive to the 
post office ($$$) to ship it back to the manufacturer {$$$). It will take 
anything from a few days to more than a week before it will arrive. 

With all too many companies, the package will sit unopened for a 
number of days. It will almost certainly take a week before someone has 
fixed that appliance, and a month isn’t uncommon. Then there’s another 
week before it arrives back in your hands again. 

Many appliance owners don’t even bother. They’ll go out and buy 
another coffee maker —one from another manufacturer, hopefully. 

If the appliance in question is very expensive, or very large, the 
problem is compounded. Throwing away a $25 coffee maker is one 
thing. Tossing out a fancy $400 broiler oven is quite another. 

Consequently, it is usually better to make your purchase from a 
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dealer who also offers warranty repairs and long-term service. However, 
just because the dealer has a service bay doesn’t mean that he will pro¬ 
vide warranty work on your purchase. If that small appliance fails, and it 
says right on the box, “Do not return to dealer,” he is not obligated to 
provide warranty work. 

If you are promised warranty work, be sure to get it in writing. Oth¬ 
erwise it could be just a sales ploy, and you’ll find yourself shipping off 
that appliance to a distant manufacturer anyway. 

THE INSTRUCTION MANUAL 

All new appliances come with a variety of papers, stickers and tags. It’s a 
good idea never to throw out anything that might be of use in the future, 
especially any instruction or installation manuals. Make sure that you 
have one. If you get home and find that something is missing, contact the 
dealer and the specific salesclerk. 

Then read that instruction manual! On more complicated appli¬ 
ances, and large appliances, read the installation instructions, even if 
you didn’t personally handle the installation. 

Even if you have a separate identification tag, jot down the model 
and serial numbers on the instruction manual. Sooner or later you’ll 
want these, and it’s good to have all the information in one place. Some 
manuals will have at least the model number already on it; other man¬ 
uals cover a variety of models. In this case make note of the specific 
model number. Also put all receipts with the manual. 

You’re not done yet. Before you put the manual in the file, be sure 
that anyone else in your house who will be operating the appliance, or 
who even might be, has also read through the information and under¬ 
stands how to operate that appliance. 

In some cases a shop manual will be available. The cost for this 
manual can be steep. You’ll have to decide for yourself whether or not 
you want to spend that money. At very least, inquire about the availabil¬ 
ity of such a manual. If you don’t want it now, you may in the future. 

INSTALLATION 

Proper installation may not sound like a maintenance step, but it is. It’s 
also for safety. With many small appliances, installation involves noth¬ 
ing more than plugging it in. If this is all that your particular appliance 
requires, then other than making sure that the outlet can handle the load, 
you have no worries about installation and you can skip the rest of this 
section. 
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A few small appliances have special installation requirements. You 
should have little trouble installing any standard home appliance your¬ 
self. By handling the installation yourself, you also know exactly how 
things went in, and you’ll know how to uninstall the appliance (and how 
to reinstall it) if servicing becomes necessary. 

If someone else is going to be handling the installation, try to be 
there to make sure that it’s done right. Whether you’re there or not, go 
through the installation instructions and double check the work. (If you 
did the job, triple check it.) 

Electrical installation involves everything from the service entrance 
to your home to the contacts inside the appliance. (Yes, there are times 
when the manufacturer expects you, or the installer, to open the appli¬ 
ance and make the final connections.) As mentioned earlier, the outlet 
has to be of the right type, and has to be able to safely supply the appli¬ 
ance. Grounding is very critical. Do not try to defeat the safety grounding 
by doing something silly like clipping off the third prong. If you don’t 
feel competent to provide the correct grounding, spend a little extra to 
have a professional electrician come out. 

The installation instructions, and usually the owner’s manual, will 
tell you if special ventilation is needed, and if so, how much. If the ap¬ 
pliance has an internal fan, proper venting could be a critical factor. 
Don’t go for the minimum. It’s impossible to have ventilation that is too 
good, but all too easy to have venting that is inadequate. Inadequate 
venting spells trouble, the least of which is a shortened lifespan of the 
appliance. 

Many small appliances come with an infuriatingly short cord. The 
manufacturer’s excuse is that this reduces the chance of someone acci¬ 
dentally snagging the cord and knocking the appliance off the counter. 
What it actually means is that you will probably have to use an extension 
cord. Using an extension cord should be a last resort. When you must 
use an extension cord, be sure that it is of the right type and gauge for the 
appliance. Zip cord meant for lamps cannot safely supply power to an 
electric fryer. The dangers involved are very real (see Chapter 3). 

GENERAL MAINTENANCE 

Talk to any service technician and you’ll hear again and again the value 
of preventing problems. A few simple maintenance steps might take ten 
minutes now. Not doing them can cost you hundreds of dollars later. 

The first step is cleaning. How you go about this will depend on the 
appliance and the circumstances. For a coffee maker this will mean reg¬ 
ular cleanings with vinegar or a commercial cleaner designed for that 
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purpose. A hair dryer will require a regular removal of hair and dust so 
that it doesn’t bind up the motor. 

Use common sense. As always, your own safety comes first. For ex¬ 
ample, don’t start swabbing down an appliance if it’s still plugged in and 
if the water can get anywhere near a live contact. And don’t dunk the ap¬ 
pliance in water unless it is meant to be submersed. (Most aren’t, and the 
instruction manual almost always clearly specifies this.) 

Think about what it is you’re doing before you just lunge ahead. 
Some parts are delicate and can be damaged by rough handling. 

Be sure to use the appropriate cleanser for the job. A harsh, gritty 
cleanser is unsuitable for cleaning a shiny, porcelain surface. It can also 
scrub off many of the nonstick surfaces used in modern appliances. 

Obviously you won’t be taking your appliance apart every couple of 
weeks just to clean out the dust. Most of your cleaning will be limited to 
the exposed parts. But occassionally it’s worthwhile to do some interior 
cleaning on many appliances. 

The idea is to reduce the amount of time and work. If something has 



FIG. 7-2 If the appliance is open anyway, take a moment to clean the interior and to 
check it over for signs of wear that may lead to future trouble. 
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gone wrong inside and you have to disassemble the appliance anyway, 
spend a few extra minutes to clean the inside even before you begin 
working. (It will make working on the appliance easier and safer any¬ 
way.) 

Any time the appliance needs to be opened, give the insides a 
checkup. Carefully, with the appliance unplugged, visually and manual¬ 
ly check things over. Quite often you’ll be able to see something that is 
starting to go wrong. A switch might show signs of burning; a drive belt 
might be sagging or show signs of damage; there might be water inside, 
or excessive corrosion, showing a plumbing problem. 

This is a good time to lubricate any motors that can be lubricated. Be 
very careful to not overlubricate. Usually a drop or two will take care of 
things. Use a clean rag to wipe away any excess or any spills. Many of the 
motors used in appliances are sealed units, and generally they require 
no lubrication. 

Whenever you do anything, make notes and sketches for future ref¬ 
erence. The notes should include a record of all maintenance done, and 
anything you’ve noticed that suggests a possible future problem. For ex¬ 
ample, if a switch shows a bit of discoloration, make a note of that. Next 
time you look inside see if it has become any darker (or lighter). 


DAMAGE TO THE CASE 

Most of the physical damage done to appliances is the result of careless¬ 
ness. Someone drops a hammer and chips the procelain, or an appliance 
is carelessly yanked off a counter and crashes to the floor. Your primary 
concern with any major damage to the case isn’t cosmetic, but the effects 
on the inner workings of the appliance. If that dent causes some moving 
part inside to rub or bind, don’t try to operate the appliance until the 
damage is repaired. 

Some case damage cannot be safely repaired. You may be able to 
buy a replacement part; if you can’t, and if the damage is affecting the 
operation of the appliance, it is probably time to go shopping for a new 
one. 

Some case damage can be repaired. Chips in porcelain are an exam¬ 
ple. Chips in procelain are usually just cosmetic. But they can also lead 
to rusting of the metal panel beneath and to other problems. Bottles of 
liquid porcelain are available at most appliance stores and hardware 
stores. The liquid is simply brushed on. Liquid porcelain is usually 
made for larger appliances. Many of the smaller appliances that use por¬ 
celain finishes are of bright colors not available to the public. If you can’t 
find the appropriate color, you have two choices. One is to find the clos- 
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est match you can and be satisfied. The second is to contact a custom 
paint and surfacing store to see if they can come up with something to 
suit the problem. 

There are two keys to using liquid porcelain successfully. The first 
is in the preparation. The liquid will not adhere properly to a surface 
that is dirty or wet. Second, take your time, and do your best to have the 
patch job blend in. Blobbing it on makes a noticeable and unsightly re¬ 
pair. 

Better than brushing it on by hand is air brushing. Most people don’t 
have the skill or equipment to do this properly, but it is an alternative. If 
your own attempts aren’t working out very well, consult the Yellow 
Pages in your area under Appliance Refinishing. It’s expensive, but it 
may be less expensive than buying a new appliance. Explain the situa¬ 
tion over the phone, get an estimate, and make your decision from that 
estimate. 

Small dents might be repairable. Sometimes you can simply pop a 
dent out by pushing from the inside. Other times a dent puller (for auto¬ 
mobile bodies) can be used. In many cases dents are not repairable, due 
to the size and nature of the small appliance. The same applies to breaks 
in plastic casings or casings made of any other material. 


Chilton's Guide to Small Appliance Repair/Maintenance 
APPLIANCE PURCHASE AND CARE 


123 










i- \ 






Section Two 


Appliances 










Blenders, Mixers, and 
Food Processors 


Appliances made to blend, mix, or process foods usually consist of little 
more than an electric motor, a variety of cutters, mixers, or stirring 
blades, and a series of controlling switches. However, the wiring to the 
switches for these units may be quite complex. In any disassembly, 
make sure to draw diagrams and take notes concerning the proper con¬ 
necting points for all of the wires inside. 

Blenders and food processors use a high-speed motor to drive chop¬ 
ping or mixing blades. Switches (or a rotating rheostat) are used to con¬ 
trol the speed. In addition to the normal small-appliance electrical prob¬ 
lems involving power cords, plugs, on-off switches, and a faulty electri¬ 
cal motor, these units may also develop problems involving leaks, 
excessive vibration, jammed parts, bent or broken blades, and bent or 
broken motor drive shaft. 

As always, before disassembly read through the instruction manual, 
and visually inspect everything for any obvious cause of malfunction. 

DISASSEMBLY 

To get inside the appliance, first carefully remove and set aside any glass 
or ceramic parts, such as the blender or mixer bowls or pitchers. 

Countertop appliances hold most of their screws and bolts on the 
bottom plate, although you will occasionally find screws tapped down¬ 
ward near the motor shaft, under the blender bowl location. Be carefid 
before removing any of these, for they may be motor or switch mounting 
screws instead of disassembly screws. If motor or switch mounting 
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screws are disconnected with the bottom plate still on, the motor or 
switch could drop down inside, causing damage or loss of parts. 

Hand mixers are constructed much like electrical drills. In disas¬ 
sembly, the body (case) generally bolts together as two halves. Motor, 
gears, switches, and drive shafts are located inside the body: the various 
beating attachments snap into place. Countertop mixers usually have the 
motor in the base, with gears or a drive shaft extension reaching up to 
drive the beaters. 

Some base plates have snap-on fasteners, which may be popped or 
lightly pried loose by hand or with a screwdriver. Don’t force anything 
apart until you have made a thorough visual search for hidden screws or 
clamps. 

Study the motor mount arrangement. Speed changes can be effected 
by changing the position of the motor; in this case the drive shaft has dif¬ 
ferent diameters at the points where it is moved to drive the appliance. 
Other types of speed controls include sets of gears, or switches in the 
motor that vary its turning speed. 

Placement of bearings, bushings, gears, and drive shafts and the 
amount of play between parts are critical. Move parts gently by hand in 
order to learn the mechanical actions of the appliance for proper opera¬ 
tion. This will be of help in correcting any jamming or binding difficulty. 

If you are taking apart any appliance, review the periodic cleaning 
procedures that should be part of your standard home appliance mainte¬ 
nance program. Dirt, dust, and spilled food are major appliance enemies. 
Not enough oil in places where needed, or too much oil where not need¬ 
ed, can become another hazard preventing correct function of the unit. 
Determine where oiling will help and where regular cleaning can length¬ 
en the service life of the device. 

As with all appliances, study any operation or maintenance booklet 
that may have come with the machine. 
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Troubleshooting Chart 


Possihir Causes Solution 

Problem: Machine fails to start, blows 

fuses or breakers, pilot light fails to light, 
oa^off switch does not work. 

Wall outlet, power cord. Check/repair/replace 

plug. {)ower switch, 
fusesl)reaker. internal 
reset button. 

Problem: Voltage at switch ok, but motor 
does not energize. 

Faulty motor Repair/replace 


Problem: Appliance works, but difficult or 
impossible to change speeds. 

Speed switches Test/repair/replace 


Problem: Can hear motor turn on but 
nothing moves. 

Binding of some part Disassemble/test 

Motor jammed Test/lubricate/repair/replace 


Problem: Appliance seems to be working, but blending 
operation/function is not satisfactory. 

Improper blade/cutter used Check manual for proper blade 

Broken/bent blade/cutter Repair/straighten/replace 
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Broiler Ovens 


Broiler ovens, made for toasting bread, broiling meat, and warming up 
food, are seldom very complex. There is a heating element, temperature 
control switches, an on/off switch, the electrical cord and plug, and oc¬ 
casionally a thermostat in the more expensive models. Broilers and 
toaster ovens are put together in much the same way, and the compo¬ 
nents used are also much the same. There is an important difference be¬ 
tween them, however. A toaster oven cannot be used to broil, and trying 
to use it to broil is likely to start a fire.) 

Another feature often found in these appliances is a heat-, smoke- or 
time-controlled safety switch that turns off the heating element automat¬ 
ically under certain conditions. The safety turn-off switches on some 
broilers are intriguing devices. Complex models actually have tiny 
smoke or flame detectors, which automatically sense burning toast or 
grease-splattering bacon, and instantly turn off power to the heating ele¬ 
ment. This is an excellent form of fire prevention. Without internal pro¬ 
tection of this nature, broilers can be dangerous appliances if left on 
while unattended. Toast and greasy meat can burst into live flame that 
could start a major home blaze. 

Cleanliness is not only a preventive maintenance procedure for 
broiler-type devices, it is an essential safety precaution. The heating ele¬ 
ments become red or even white-hot during cooking, and the presence of 
grease splatters or loose food particles creates a definite fire hazard. Af¬ 
ter every use, let the appliance cool and then turn it upside down and 
sideways, shaking out any food particles that may have fallen inside. De¬ 
pending upon frequency of use of the appliance, every few weeks disas¬ 
semble the unit for a throrough cleaning. 

All electrical appliances carry warnings that they should not he im- 
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inersed in water. This is because moisture is an electrical conductor and 
can generate hazardous short circuits, and also some motors and gears 
may be ruined if they become wet and are allowed to corrode. However, 
if you use the proper precautions, there are some electric heating ele¬ 
ments that can be cleaned with water. In these cases the trick is to be sure 
that they are left open afterward in the direct sun or in a well-aired space 
and allowed to dry completely before reassembly. 

Heating elements in broilers and toasters can be washed in water, if 
the elements can be easily removed from the appliance for separate 
washing. This can be helpful in instances where there has been a heavy 
buildup of grease. Be sure to allow the element to dry completely before 
putting the unit back together and turning it on. 

If you are leary of using water, then use one of the commercial oven 
cleaning solutions. Following the manufacturer's directions, clean the 
interior of the broiler and the surface of the heating wires or coils on a 
regular basis. This is not only a wise fire prevention maneuver, but 
something which will greatly extend the working life of the appliance. 

DISASSEMBLY 

The on/off switch often has an interlock that prevents operation when 
the door is open. The interlock is a make/break contact switch that is 
built right into the door. One contact is on the hinged part of the door 
that swings open; the other is mounted on the appliance frame. With the 
door closed, contact is made and the on/off power switch works normal¬ 
ly. With the door open, the interlock is open, disabling the on/off switch. 
There are other forms of interlock; the door can have a pin that slips into 
a slot or hole when the door is closed, and the pressure from the pin acti¬ 
vates a “make contact’’ switch inside the unit. Or the hinge itself may be 
a part of an electrical switch movement, the contacts opening and clos¬ 
ing right along with the door. 

In disassembly and in testing for electrical malfunctions, don’t for¬ 
get to check these interlock switches. If they are faulty but you haven’t 
checked them, you could be led by incomplete VOM tests to believe that 
a more expensive heating element or other component must be pur¬ 
chased and installed. Interlocks are cheap by comparison. 

Frequently the heating element in a broiler slides or snaps out the 
front, just as does the loading tray. The heating element is a series of 
wires or coils mounted on a metal frame and located just beneath the 
loading tray. In some models, all disassembly hardware is reached 
through the opened broiler door. In others, access is by way of a bottom 
plate or mounting panel at the front of the appliance. You are likely to 
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TOASTER/BROILER OVEN 

encounter push-button, rotary and slide switches (lever switches) in this 
type of device, but you will find that most are of the DPDT type (double 
pole, double throw —with six contacts). All can be easily tested with the 
VOM (see Chapters 1, 3, and 4). 

The heating element and many of the other components are likely to 
have plug-type terminals. Occasionally you’ll find a unit where the ele¬ 
ment and components are hard-wired into place (with solder, usually — 
although soldering a heating element requires special materials since the 
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normal oporatins^ lomporaturo of the element will often melt normal sol- 

If the broiler cooks but the heating element fails to change tempera¬ 
ture according to preset controls, a sensing switch or thermostat is prob¬ 
ably at fanlt. 'I'hese can be easily checked for continuity with a VOM. 

While testing electrical malfunctions in broilers (and in expensive 
toasters), don’t neglect to track down and check all safety switches. They 
could be the hidden cause of an appliance breakdown. 

The limited number of parts makes testing and repair of a broiler 
oven relatively simple. If power is getting to the oven yet nothing is 
working, the problem is most likely either in the cord, the switch, the 
thermostat (if the unit has one), or in the heating element(s). 


Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Broiling or toasting fails to begin; 

machine does not turn on; on lamp does not light. 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

No power to outlet 

Check outlet 

Problem: Breaker or 
plugged in 

fuse blows when unit is 
or turned on. 

Circuit overload 

Try another outlet 
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Can Openers 


Most electric can openers are relatively simple in operation. They have a 
strong metal cutting edge, usually in the shape of a wheel or disc. A mo¬ 
tor turns the wheel, and a system of levers and interlocking gears clamp 
the disc over the edge of the can so the blade can cut through the lid. As 
the wheel cuts, the motor and gear network rotate the can so that the lid 
is neatly and completely removed. 

For operating convenience, most can openers have lever handles 
that both clamp the can into position and automatically operate a switch 
that turns on the motor. Better models come with safety guards to protect 
fingers from the cutting surfaces and interlock switches to turn off the 
motor if the machine jams during cutting or when the cutting is com¬ 
plete. 

A few older models have an irritating habit of suddenly starting up 
and running all by themselves while they are supposed to be sitting qui¬ 
etly out on the kitchen counter or in their wall mounts. This is because 
the operating lever moves up and down, and the trigger spring inside the 
handle has either weakened or broken completely. With nothing to hold 
the handle up, the weight of the lever causes it to move down into con¬ 
tact with the motor on/off switch. An expedient cure for such a weak¬ 
ened lever on/off switch is to either unplug the unit when not actually in 
use or to install a separate on/off switch right in the power cord itself. Or 
you can disassemble the appliance at the handle to s(;e what {)art has 
broken or slipped out of place. Repair or replace the faulty part, and ev¬ 
eryone in the household sleeps more peaceably. 
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DISASSEMBLY 


The cover of electric can openers usually simply slips or snaps off and 
then back into place. It is held on by either metal spring clips or plastic 
snap locks rather than screws. Nevertheless, inspect carefully for con¬ 
cealed fasteners, and do not attempt to force open the case beyond ap¬ 
plying the steady pulling that may be necessary to open possibly corrod¬ 
ed snap openers. 

As in all appliance servicing, consult both the operation and main¬ 
tenance manual obtained when the unit was purchased, if possible. If 
not, then carefully test and pry and unscrew. Once again, do not force 
anything! 

Care in disassembly is required since many can opener parts in¬ 
volve springs, gears that may be of the slide on and off type, and cambers 
or tumblers that must be repositioned exactly in order for the unit to 
work properly. The problem causing your can opener to malfunction 
could be a simple SOcp spring or a $1.98 switch. But if careless disassem¬ 
bly causes parts to fly all over the room, you may never be able to put it 
back together the right way. 
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Troubleshooting Chart 


Possilile Causes Solution 

Problem: Can docs nol properly slide into place; 

machine docs not turn on; on lamp docs not light. 


Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

No power to outlet 

Check outlet 

Safety interlock fails 
to activate 

Check interlock 


Problem: Breaker or fuse blows when unit is 
plugged in or turned on. 


Short circuit 

Test 

Mechanical jam 

causing motor overload 

Test smooth operation 
of all moving parts 


Problem: Unit turns on, but can does not 
rotate or cut lid. 


Blown fuse or breaker 

Test 

Motor winding or lead is open 

Test/replace 

Connecting wires from power 
supply to motor or cutting 
wheel are open 

Test 

Mechanical binding 

Test/replace 

Dirt/grime 

Clean unit 
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Chain Saws 


The major difference between gas-powered and electric chain saws (be¬ 
yond the fuel involved) is that gas units have a special clutch that pre¬ 
vents the chain from moving while the motor is idling. When a gas throt¬ 
tle is opened, the clutch engages and drives the chain. The clutch is an 
advantage because turning a gas engine on and off is awkward and short¬ 
ens the working life of the engine. 

With an electric chain saw, it’s no problem to turn the power switch 
on and off while moving the chain bar from one cut to another, or while 
changing the angle of a cut. Therefore, no clutch is required in the design 
of an electric chain saw. (This means the electric models are generally 
less expensive.) 

The disadvantages of an electric chain saw are the need for a voltage 
source, the awkwardness of a cord (watch it! and don’t cut it along with 
the firewood), and lower power. The gas-powered saws are better for 
heavy-duty work, and for use in remote locations. 

The power unit for a chain saw is not too much different from the 
motors and switching arrangements for circular and other types of saws. 
The rotating motor shaft or a chain drive and pulle}^ system drives the 
chain with its cutting blades around the bar. Maintenance and trouble 
shooting information are usually well covered in the owner’s manual. 
Just remember that chain lubrication is important for continuous, trou¬ 
ble-free cutting. 

The cutting chain is quite similar in construction and design to the 
drive chain on a bicycle or motorcycle. When replacement is necessary, 
search for the chain’s master link. This will l)e tlie one link with a snaj)- 
on side plate, while the rest are riveted. Use the blade of a screwdri\'(M' or 
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pliers to pop off the snap plate. The rest of the link can be easily re¬ 
moved. 

Once a master link has been removed, buy a replacement snap plate. 
Do NOT attempt to use the old one. The slight bending involved in disas¬ 
sembly will make this weaker than the rest of the chain. High torque or 
snags during tough jobs will cause the weakened master link to snap 
during operation. 

Depending on the size and model of chain saw, the drive may be ei¬ 
ther direct from the motor shaft, or from a chain sprocket arrangement. 
Check for excessive sprocket wear, or for sprocket breaks. Either could 
cause slippage or poor cutting efficiency. 

Never attempt to service a unit with the power cord plugged in. 
Even during bench testing, be sure to put any safety guards or bands back 
into place. The centrifical force exerted by the moving chain can throw 
scraps of debris with such force that they can cause severe lacerations to 
face and eyes. 

The instruction book supplied with the saw is the best maintenance 
guide, as maintenance steps may vary considerably according to make 
and model. Many modern electric saws have sealed bearings, perma¬ 
nently lubricated. Gear housings require no special attention or treat¬ 
ment in normal use throughout the working life of the saw. Others have 
plainly marked oil holes, which require the regular application of a dose 
of light machine oil. Any movable or retractable blade guard should be 
oiled occasionally to ensure positive action. 

As with any saw, the blades should be kept sharp to maintain cut¬ 
ting speed and to prevent excessive friction that could lead to overheat¬ 
ing of the motor. 

Worn motor brushes in many models can be replaced by removing 
the brush caps at the motor housing. Because of the construction differ¬ 
ences depending upon make and model, write directly to the manufac¬ 
turer if no instruction book is available. 

DISASSEMBLY 

The housing of most modern power saws is designed in a “clam-shell” 
fashion: two halves held together at the seam by bolts or clip fasteners. 
The power switch is generally mounted as a trigger inside the handle. Be 
careful in removing the handle from the main housing, for wiring ex¬ 
tends from the handle switch down into the housing to the motor. Care¬ 
fully study the routing of any wiring during break down, so the machine 
can be put back together properly after repair. 

All chain saws have adjustment screws to tighten the chain after in- 
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stallation or after prolonged use (which may stretch the links). Make 
sure to jot down the placement of any clips or springs on these screws 
before removing them. 


Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Tool does not turn 
does not light. 

on; on lamp 

No power to outlet 

Check outlet 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

Problem: Breaker or fuse blows when unit 
is plugged in or turned on. 

Circuit overload 

Try another outlet 

supplied by a different 
circuit 

Short circuit 

Test 

Problem: Unit turns on, but does not rotate 

properly, or tool does not do its work 
properly; tool overheats. 

Motor winding is open 

Test, replace 

Connecting wires from power 
supply to motor are open 

Test 

Grime/mechanical jam is 

keeping chain from turning 

Clean unit/lubricate 

Mechanical binding 

Examine unit; repair 
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Clocks and Timers 


Today’s clocks and timing devices are often constructed around solid- 
state quartz crystals, rather than the more old-fashioned gears, levers, 
mainsprings and electric motors all keyed into movement by a master 
pendulum or flywheel. Generally, these quartz movements are so inex¬ 
pensive that it is simpler and cheaper to buy and install a replacement 
than to repair one. Moreover, many are sealed and virtually impossible 
to service or repair anyway, other than changing the back-up battery (if it 
has one). 

Consequently, if the clock or timing unit of an appliance goes out, 
you’ll have little choice but to replace the timing unit. The difficulty is 
that exact replacements are usually required. And sometimes that exact 
replacement is difficult or impossible to find. 

In timer mechanisms, the timing device itself is nothing more than a 
clock. The device is preset by the operator and then automatically acti¬ 
vates under certain conditions. A switch of some sort then comes into 
play. For example, the simple timer of an oven is set by the homeowner, 
it counts down, and then a switch clicks on a buzzer to let you know that 
the time is up. A more complex timing device might operate the auto¬ 
matic switching to start the appliance at a preset time, work for a certain 
amount of time and then shut off later. 

The switch in a timer can either be mechanical (such as a gear, lever, 
or push-pull solenoid) or an electrical on/off switching operation in a 
solid-state device. Where mechanical parts are involved, servicing is 
done by disassembling the unit and studying the components. Broken or 
loose parts, stripped gears, or gears needing lubrication can all bo re¬ 
paired or replaced. 

In timers using clockwork movements, it is usually fairly easy to 
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spot what is creating the malfunction. Often, cleaning and spot lubrica¬ 
tion will correct the fault. The same is true when the timer works but the 
switching action does not operate. A bent or loose or broken lever or 
moving part can be the hang up. 

When clock-timers rely on electric motors for drive, they are prone 
to the same disorders as can openers, blenders, mixers and other small 
appliances that use electric motors. Most clock motors are ac, except for 
the motors found in appliances that require power supplies to provide 
dc voltages for the proper operation of other portions of the unit. Exam¬ 
ples would be TV sets, radios, video tape machines, record or tape play¬ 
ers, and computers. In these, if the timing is not quartz controlled, then 
the movement is generated by small and inexpensive dc motors. 

Whether ac or dc, motor repair is often by replacement. Tests for 
shorts, open circuits, or continuity are described in Chapter 5. Keep in 
mind that a dc motor should never be run or tested for any but the 
briefest periods without being under load. That is, don't hook up the mo¬ 
tor to a battery or other voltage supply unless the driv^e shaft is loaded 
with the belts, pulleys, or gears it is normally supposed to turn. The 
speed of a dc motor is determined to a great degree by its load. Without a 
load, the dc motor can continuously increase speed until it literally self- 
destructs through heat, vibration, or overwork. The windings can burn 
open, or the mechanical parts can virtually fly apart, scattering all over 
the place. 

Solid-state electronic clocks are rarely repairable. If power is getting 
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10 the unit, yet the unit fails to function, you will almost certainly have 
to replace the timer as a whole unit. 

DISASSEMBLY 

Extra precautions are required when removing a timer from an appli¬ 
ance. Timers that are internal parts of TVs, radio sets, or VCRs, may be 
connected in some way with tuning circuits or gears or with other ancil¬ 
lary functions. You might think a timer does no more than select the 
time of day a recorder will be turned on or off. However, in some designs 
that timer also controls the functions of other sections of the appliance. 
This is especially true in the case of quartz crystal timing devices. Manu¬ 
facturers may use the capabilities of these tiny units to simultaneously 
control oscillators (in TV sets, VCRs and microwave devices) and other 
phase-critical operations. 

If your study of the unit indicates that the timer may be integrally 
connected to other operations, it is better to bring that appliance in to a 
professional for repairs. If the clock/timer is connected to other critical 
operations in the appliance, a “retune” of the appliance might be neces¬ 
sary, and this often requires special equipment. 

Wherever possible, study the operating or maintenace booklet for 
the appliance. If you don’t have one, make a very careful study of all con¬ 
nections to the timer. As in can openers or any appliance utilizing a 
“tumbling” movement, cambers or out-of-round shafts and moving parts 
may be critical to correct function. 

Don’t accidentally ruin an expensive appliance by trying to fix a 
timer that is, usually, no more than a convenience add-on. Better to be 
able to continue to operate the appliance without that extra automatic 
timing convenience, than to loose it entirely. 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Timer docs not activate as designed; 

machine docs not turn on; on lamp does not light. 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

No power to outlet 

Check outlet 

Safety interlock fails 
to activate 

Check interlock 

Timer is jammed/faulty 

Repair/replace 

Problem: Breaker or fuse blows when unit is plugged in 
or turned on. 

Circuit overload 

Try another outlet 

supplied by a different 
circuit 

Short circuit 

Test 

Mechanical jam 

causing timer overload 

Test smooth operation 
of all moving parts 

Problem: Unit turns on, but timing function works 
improperly. 

Blown fuse or breaker 

Test 

Motor winding or lead is open 

Test/replace 

Connecting wires from power 
supply to timer is open 

Test 

Mechanical binding 

Test/replace 

Dirt or grime is keeping 
machine from working 

Clean unit 
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Coffee Makers 


Several types of electric appliances have been designed for making cof¬ 
fee. Some are of the percolator type; others are drip coffee makers. 

The simplest coffee makers involve a power cord, an on/off switch, 
some form of heating element, and a container for the water. More com¬ 
plex models involve thermostats to control water temperature, automat¬ 
ic timers to turn the coffee maker on or off while unattended, supply 
switches or valves to control the amount of water and/or coffee to vary 
the strength of the final blend, and automatic cut-off devices to discon¬ 
nect power from the heating element when the water level becomes low. 
(A few expensive styles even connect directly to the house water supply. 
Like coin-operated coffee vending machines, they have a constant sup¬ 
ply of drip-grind coffee and water, with switches that refill the blending 
tanks when fresh brew is desired.) 

The most common problem with all models of coffee makers is that 
they begin to lose their heating power and the coffee is simply not hot 
enough. This trouble, which is usually caused by a build-up of mineral 
deposits from the water being used, can be almost completely eliminat¬ 
ed through a regular maintenance program. 

Whether you use a percolator or drip maker, at least once monthly 
(and better once weekly) cycle the appliance completely through with a 
supply of strong vinegar water or a mixture of baking soda and water. 
There are commercial cleaning solvents available on the market, but ei¬ 
ther vinegar or the baking soda will work well in dissolving mineral 
build-ups. 

For the vinegar cleaning solution, use a mixture of V 2 cup vinegar to 
a quart of water and put it through the coffee-making cycle (without cof¬ 
fee, of course). When using baking soda, a common mix is two table- 
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spoons of soda to a quart of water. After the unit cools, rinse it complete¬ 
ly. To be sure that you’ve removed all of the cleaner, it’s a good idea to 
run the unit through a complete cycle with plain water before putting it 
back into use to make coffee. 

A way to greatly reduce these mineral deposits in the first place is to 
use distilled water in the brewing process. Not only will the de-mineral- 
ized water reduce the need for such frequent cleaning, but many feel that 
coffee made from distilled water has a fresher, cleaner taste and they dis¬ 
cover that it takes less grounds to make the same amount of coffee. 

In cases where the build-up of minerals is so thick that vinegar or 
commercial solvents can’t dissolve them, a steel wool pad or an electric 
drill with a wire-brush attachment may be used successfully. This is a 
last-ditch effort, however. The grinding is likely to damage the water 
container and other components. It can also leave behind harmful parti¬ 
cles. After any such cleaning effort, be sure to clean by brewing or perk¬ 
ing a vinegar solution and cleaning the appliance thoroughly. 

DISASSEMBLY 

With most coffee makers, the heating element and many other compo¬ 
nents are located beneath the lower cover of the unit. Be sure that the 
unit has no water in it, unplug it, then turn it on its side. You should be 
able to locate the holding screws easily. It’s possible that one or more 
screws will have a sticker covering it, with the warning that there are 
“No User Serviceable Parts Inside.’’ 

If the cover doesn’t lift away easily, look carefully for screws you 
might have missed. Many units also have plastic or metal catches to help 
hold the cover. 

The heater element in most units will be plugged or socketed. It’s 
usually a simple matter to replace the element and normally takes just a 
few seconds. If the element appears to be soldered into place, it is proba¬ 
bly special solder that will withstand the heat. Do not use regular solder 
on any heating element. 

The “plumbing” is a bit more difficult to get at. Often some of the 
water-handling components are a physical part of the overall machine. 
Other parts and tubes are easily replaceable. Fortunately, the most com¬ 
mon problem with those pipes (other than getting blocked by mineral 
deposits) is that one of the connectors comes loose, thus causing a leak. 
In this case, the simple solution is to slip that connector back into place. 
In the unlikely event that it has cracked, a replacement will be neces¬ 
sary. 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Brewing or perking cycle fails to begin; 

machine does not turn on; on lamp does not light. 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

No power to outlet 

Check outlet 


Problem: Breaker or fuse blows when unit is plugged in 
or turned on. 


Circuit overload 

Short circuit 

Try another outlet 
supplied by a 
different 
circuit 

Test 

Problem: Unit turns on, 

but perk or brew cycle 

does not begin. 

Blown fuse or breaker 

Test 

Heating element is open 

Test/replace 

Connecting wires from power 
supply to heating element 
are open 

Test 

Thermostat is bad 

Test/replace 

Mineral deposit is keeping 
heating plate from 
working 

Clean unit 


Problem: Coffee maker cycles, but does not 
keep coffee hot after brewing. 


Thermostat bad 

Test/replace 

Mineral build-up 

Clean 

Short in the heating element 

Test/replace 

is causing the unit to operate 


at a lower temperature 


Faulty timing device 

Test/replace 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Appliance leaks, or in a drip-maker 

the water does not flow from the heating tank 
into the carafe. 

Warped, cracked, or broken 
water tank. 

Replace unit 

Loose connector 

Repair/replace 

Clogged pipe 

Clean or replace 

Problem: Brewing cycle takes too long, coffee is weak. 

Thermostat bad 

Repair/replace 

Partially shorted heating 
element 

Replace 

Clogged or bent drip 
or vent hole. 

Clean 
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Deep Fat Fryers 


All deep fat fryers use heavy-duty heating elements that can make the oil 
very hot. This causes a heavier flow^ of current than with most small ap¬ 
pliances, which means that safety precautions concerning cords is more 
important. Even the right power cord becomes warm on many units. A 
smaller gauge wire will almost certainly cause problems. 

One danger is that operators will use the wrong power cord. Don’t 
attempt to use a light power cord from a popcorn popper to plug in your 
fryer in an emergency. An undersized cord will be forced to carry too 
high an electrical current. Overheating can lead to shock and fire haz¬ 
ards. When repairing or replacing power cords for these cooking de¬ 
vices, use rubber-insulated power cords, instead of the fiber insulated 
cords sometimes used for lamps and lesser-duty appliances. 

Also because of the current draw of deep fat fryers, overloads of the 
circuit feeding the outlet are more common. The wattage and current rat¬ 
ings of the particular fryer will tell you if you need to use an isolated cir¬ 
cuit to operate the appliance. 

Diagnosis and repair of a fryer is the same as with any other appli¬ 
ance with a heating element. Power enters the appliance from the outlet 
through the cord. If the outlet is dead, or the cord bad, power won’t get to 
the appliance, and therefore nothing is going to happen. 

If power gets to the appliance, but the power switch is bad. again 
nothing is going to happen. If the thermostat or rheostat is frozen closed, 
the heating element will overheat and cause damage (hopefully just to 
the appliance itself). If the control is frozen open or fails to make contact, 
again nothing happens. 

The heating element is in series with these components. It is usually 
housed in the base of the appliance. It can be tested the same way as any 
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other lioating element— with a VOM and a test for continuity. The read¬ 
ing should be ver}' low. If the reading is infinity, the heating element has 
burned or corroded, cutting off the flow of current. 

Sometimes the appliance will heat the oil, but not to the proper tem¬ 
perature. This indicates a problem with the thermostat or rheostat, or ag¬ 
ing of the heater element. It’s also possible that the contacts have become 
corroded, thus reducing current flow. All can be checked visually or 
with a VOM, as detailed in Chapter 6. 


DISASSEMBLY 

The construction of most deep fat fryers is quite similar to that of slow 
cookers. Beneath the container that holds the fat or oil to be heated is the 
base. Inside this base are the various components that make the appli¬ 
ance work. 

The two parts are sometimes permanently sealed. In this case, at¬ 
tempts at disassembly are futile. If the two do come apart, they are gener¬ 
ally held together by one or more small bolts that go upwards from the 
base. A quick visual examination should reveal if disassembly is possi¬ 
ble. 

Even when disassembly is possible, some units have a completely 
sealed base. If something is wrong with any of the internal components, 
the entire base will have to be replaced. This replacement will save you 
some money, but not nearly as much as you’ll save if your particular fry¬ 
er has replaceable individual parts. Again, once the base is off you 
should be able to tell very quickly which case applies to you. 

Don’t force or pry any cover “snap-open” assembly until you are 
sure there are no hidden screws or clamps. Don’t insert screwdriver tips 
or pointed objects into cases that contain electrical wiring in an attempt 
to pry a unit open. You may create more internal damage than the minor 
defect you are attempting to correct. 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Device begins to overheat; unit does not turn on; 
pilot lamp does not light. 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

No power to outlet 

Check outlet 

Problem: Breaker or fuse blows when unit is plugged in 
or turned on. 

Circuit overload 

Try another outlet 

supplied by a different 
circuit 

Short circuit 

Test 

Problem: Unit turns on, 

but does not cook properly. 

Motor winding or heat 
element is open 

Test/replace 

Connecting wires from power 
supply are open 

Test 

Thermostat is bad 

Test/replace 

Grime/dryness is keeping 
unit from working 

Clean unit 
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Electric Blankets, Heating Pads, 
and Water Beds 


As with any heating element, the wires in the heating element of a heat¬ 
ing blanket or pad resists to the flow of electricity, causing the wires to 
heat up. The most common problems are due to broken (open) or shorted 
wires, caused as the pad or blanket is twisted and turned by the slumber¬ 
ing user. For this reason, all electrical connections should be checked for 
potential fraying or excessive bending each time the bed is made. Manu¬ 
facturers have been successful in developing extremely safe electric 
heating units, but careless twisting or accidental breaking of power 
cords is more likely in these than any other type of small home appli¬ 
ance. 

Never attempt to repair a shorted, open, or frayed heating element 
that is sewn inside an electric blanket or pad. A worn wire is likely to 
have little or no insulation left, and these wires carrying electrical cur¬ 
rent could then come into contact with a user, leading to severe shock 
hazards. If a malfunction has been traced to the heating element, discard 
the unit unless it has a separate element that easily slips inside the plas¬ 
tic or fabric covering. 

Repairable breakdowns include thermostat failures, the power cord 
and plug, the on/off switch, and any temperature control rheostat. The 
thermostat may be built right into the fabric along with the heating ele¬ 
ment, but often they are contained in the control unit along with the 
power switch. Often the power switch is part of the temperature rheo¬ 
stat. In this type of system, the rotor shaft of the rheostat extends through 
the back plate of the rheostat. There, a camber or lever on the rotor shaft 
operates a simple SPST switch. The switch part of the rheostat often can 
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be purchased as an inexpensive separate replacement, even if the tem¬ 
perature-control rheostat is relatively expensive. 

Test the thermostat with the unit plugged in and the power on. Of¬ 
ten turning the rheostat up will cause the bi-metallic thermostat to make 
a slightly audible click as it activates. Even without the sound to tell if 
the thermostat is going on, you should be able to determine if the control 
device is allowing current to pass by testing the temperature of the 
pad/blanket in a few moments. Similarly, turn the rheostat down, and 
the deactivated thermostat should make the blanket or pad noticeably 
cooler in a matter of minutes. If the temperature-control rheostat fails to 
regulate the heat normally, the problem is usually the thermostat. An ob¬ 
vious indicator of a thermostat problem is when the temperature swings 
over an uncomfortable range even when the control is set at one posi¬ 
tion. 

The other possible cause of faulty temperature control is the rheo¬ 
stat itself. This may be checked with a VOM. See if the resistance 
changes smoothly from lowest to highest reading as the knob is turned 
(with the power off and at least one lead of the rheostat disconnected). If 
there is a sharp change in the resistance meter reading as the dial is 
moved, or if the values change in a jerky, erratic manner, the rheostat is 
bad or dirty. Sometimes it may be rejuvenated by using a commercial 
electrical spray cleaner, such as is available from Radio Shack or other 
electronic supply houses. If it can’t be fixed this way, then purchase a re¬ 
placement. 

Quite often, the cord/plug and the heating element and blanket are 
in fine shape, while the controls or thermostat goes bad. It is usually pos¬ 
sible to purchase just a new control/thermostat unit from the manufac¬ 
turer and to splice it into the power cord as a replacement for the defec¬ 
tive one. 

In water beds, the temperature controls, thermostat, and usually the 
on/off switch comprise a control unit in the power cord very much like 
those in electric blankets. Repair and replacement operations are simi¬ 
lar. The exception would be those water bed units where the thermostat 
is placed at the tip of or somewhere within the coils of the heating ele¬ 
ment. The heating coils of the appliance are placed underneath the wa¬ 
ter bag, on the floor of the water bed cabinet. The bed must be drained in 
order to obtain access. It is usually possible to test all other parts of the 
unit first (power plug, cord, on/off switch, and temperature controls] be¬ 
fore suspecting either an open heating element or bad thermostat. 

The heating element for a water bed may be safely changed — but not 
really very easily, because you must drain the water bag completely. 

Because of the presence of water, special care should be taken dur- 
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ing any electrical checks of water beds. Never apply power while any of 
the electric cables or components or the heating element/thermostat are 
wet. It’s best to totally remove the water bag, and to let the frame dry 
completely in case of any accidental spills, before testing or repairing 
the electric heating functions. Then reassemble and fill the bed, with the 
power disconnected until the bed is ready for use. 

DISASSEMBLY 

Frequently the screws and other disassembly hardware for a heat control 
unit are located underneath the knob that is used to vary the temperature 
or thermostat setting. Most of these knobs simply pull off, though occa¬ 
sionally they are held in place by a tiny set-screw or Allen bolt. Pull off 
the knob, and the hardware holding together the control unit is generally 
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exposed. Because most of these controls carry fairly high levels of cur¬ 
rent, they are rarely of the snap-open variety. It’s doubtful that an elec¬ 
tric blanket or pad would qualify for Underwriter’s Lab endorsement 
without being securely fastened together. 


Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Thermostat does not activate as designed; 

blanket does not turn on; on lamp does not light. 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

No power to outlet 

Check outlet 

Safety interlock fails 
to activate 

Check interlock 

Control is jammed/faulty 

Repair/replace 

Problem: Breaker or fuse blows when unit is 
plugged in or turned on. 

Circuit overload 

Try another outlet 

supplied by a different 
circuit 

Short circuit 

Test 

Problem: Unit turns on, but temperature 

control function works improperly. 

Blown fuse or breaker 

Test 

Faulty thermostat 

Test/replace 

Connecting wires from power 
supply to heater is open 

Test 
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Electric Knives 


Gears, levers, and other mechanisms in an electric knife are designed to 
take the rotary motion of a motor and convert it into the back-and-forth 
sawing motion of a knife blade. For efficiency and ease of cutting, two or 
more blades are fastened side by side, with pins and slots allowing the 
blades to move in opposing directions. As one blade moves outward 
from the handle, the other blade moves back inward. 

The knife contains an electric motor similar to the motors used to 
drive fans and mixers but designed to operate at slower speeds. There 
will also be some form of mechanical adaptation to convert the energy 
from rotational to back-and-forth. The simplest way to develop back- 
and-forth motion from a turning motor is to mount the motor at a right 
angle to the blades, with an eliptical camber or gear directly attached to 
the base ends of the knife blades. The blades, in turn, slide back and 
forth through machined slots made to hold them in place for proper cut¬ 
ting operation. 

The handle contains the on/off switch and often a speed selector. 
(For speed change in this type of appliance, separate motor windings are 
generally involved.) The blades usually snap out rather easily, just as 
beater blades are removed from electric mixers. This is for cleaning and 
inserting different blades for various types of cutting. 

Be sure to follow manufacturer’s instructions in the operation of 
electric knives. Trying to cut in the wrong way or attempting to cut mate¬ 
rials that are too tough or thick can swiftly lead to disaster. Next to fans 
and electric chain saws, these knives are among the most dangerous of 
small appliances when used carelessly or improperly. 
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DISASSEMBLY 


Often the handles are snap-apart rather than screw held, since the knives 
are meant to be easily disassembled for cleaning and storage. Remove 
the blades before attempting to take apart the handle for access to the 
motor and driving cambers/gears. 

The components inside may or may not be easily replaceable. Some 
units have internal components that screw or bolt into place. Others will 
simply snap in. In both cases, the components and whatever holds them 
tend to be tricky. You can get into trouble quickly. 

Cordless knives use a battery. This battery is usually replaceable, 
but this sometimes requires desoldering the old unit and soldering in the 
replacement. Excessive heat can damage the battery. This job is usually 
best left to a technician willing to make good on mistakes or damage. 

The cordless variety will also have some kind of charging unit. If the 
knife is dead and refuses to take a charge, the fault could be in the knife 
(probably in the battery), or it could be in the charger. 

The charging units are very similar to small power supplies: ac is 
converted to dc at the right voltage, but at low amperage to provide for a 
battery recharge. The units themselves are much like the knives. They 
might be of the screw-together type or the snap-together type. Open the 
unit very carefully so as not to cause damage, and don’t forget to look for 
hidden snaps and catches. In most cases, repair is by replacement of the 
unit anyway, so it is rare that you’ll need to open the charging unit. (You 
can test it with a VOM, set to read dc voltage.) 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Knife handle begins to overheat; 

unit does not turn on; on lamp does not light. 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

No power to outlet 

Check outlet 

Problem: Breaker or fuse blows when unit is plugged in 
or turned on. 

Circuit overload 

Try another outlet 

supplied by a different 
circuit 

Short circuit 

Test 

Mechanical binding may 
cause motor to overheat 

Test freedom of 

movement; repair/replace 

Problem: Unit turns on, but knife does not 

vibrate, or blades do not cut properly. 

Motor winding is open 

Test/replace 

Connecting wires from power 
supply to motor are open 

Test 

Mechanical binding 

Test/replace 

Blades are dull or 

are wrong for desired 
cutting operation 

Sharpen/replace 

Grime/dryness is keeping 
motor from working 

Clean unit/lubricate 
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Fans 


An electric fan is nothing more than an ac motor driving a rotor shaft, to 
which is attached some type of blade to move air. Refinements in com¬ 
plex models might include gears, cambers (eliptical wheels), or levers 
designed to move the direction of the fan up and down or from side to 
side. Some fans have speed switches to change the speed at which the 
fan blades rotate, and some even have thermostats to determine when 
fans should be turned on or off. 

Fans are often built-in components of many other appliances. In 
electric heaters, fans are used to blow heated air into a cool area. In other 
appliances, they are used to dissipate heat out of an appliance so the 
heat won’t damage other sensitive electrical components. 

Room fans to circulate air are obnoxious when they are noisy. The 
racket from a rattling fan is caused either by the fan blades hitting some 
part of the protective cage or by the vibration of loose parts. Overheating 
or lack of lubrication can also cause the moving parts of the motor to de¬ 
velop friction and noise. To determine the cause of irritating sounds 
from a fan, listen closely. Turn the fan to various speeds, if it has such a 
control. Tilt it slightly from its normal operating position. Turn it off and 
rotate the blades, to see where they might be hitting some obstruction. 
Look for nicks or scratches, which may indicate where a vibrating blade 
is striking a cover or wire safety cage. A blade may move freely when 
spun by hand, but some vibration or wobbling could cause it to hit a ran¬ 
dom surface when the motor is again turned on. 

Cleaning and lubricating is the key to long life and efficient fan op¬ 
eration. Full instructions on the maintenance and test/repair of electrical 
motors are given in Chapter 5 of this book. 

It is wise to clean and lubricate all electric motors and driving 
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mechanisms in small appliances at least once every six months. The 
maintenance schedule should be more frequent for appliances used 
most often. 

Methods of changing the speed of fans varies. Some fan motors have 
separate windings; voltage is supplied to one winding for one speed and 
then switched to a second winding for another speed. Some fans have a 
lever that moves either the motor or a variable-diameter drive shaft, so 
that speeds are determined by the diameter of the part of the shaft in con¬ 
tact with the motor. In fans driven by dc motors, the speed switch could 
control the voltage supply to the fan. Each system involves a separate 
system of testing, repairing, or replacement. Be sure you understand the 
functions of the speed selector system before attempting repair. 

DISASSEMBLY 

Just how the fan comes apart will depend on how it is built. Large box 
fans have protective covers front and back that can usually be removed 
for access. Table models often consist of a base containing the switch 
and other controls, plus an upper housing to encase the fan motor. How¬ 
ever it’s put together, and whatever the order, the basic construction 
consists of the fan motor, the blades, and the switches and controls. The 
individual cases are usually held together by bolts, although a few of the 
less-expensive models have plastic cases that are glued together. 

Once inside, it is usually a simple matter to trace the various wires. 
Each of the components can be tested with a VOM, although this will 
sometimes mean that you will have to unsolder a wire before the conti¬ 
nuity test can be performed accurately. 

Take care in disassembling the unit, and be sure to have your note¬ 
book and sketch pad at hand. Be sure that you determine whether the fan 
motor mount is rigid or floating as you take the fan apart, so you can reas¬ 
semble the device properly. 

Do not apply power with the safety cage removed. Spinning fan 
blades have taken the fingers of hundreds of careless users. Another 
good precaution is to wear safety glasses or goggles when testing or re¬ 
pairing fans, since the rapidly spinning blades can easily blow particles 
of dust, metal, or other irritants into the eye. For this reason, it is also ad¬ 
vised that you not work on fans while pets or small children are around. 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Fan cooled device begins to overheat; 

fan does not turn on; on lamp does not light. 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

No power to outlet 

Check outlet 

Problem: Breaker or fuse blows when unit is 
plugged in or turned on. 

Circuit overload 

Try another outlet 

supplied by a different 
circuit 

Short circuit 

Test 

Problem: Unit turns on, but fan does not rotate properly, 
or cool air does not flow properly. 

Blown fuse or breaker 

Test 

Motor winding is open 

Test/replace 

Connecting wires from power 
supply to motor are open 

Test 

Thermostat is bad 

Test/replace 

Grime/dryness is keeping 

motor plate from working 

Clean unit/lubricate 
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Garage Door Openers 


Electrically operated garage door openers are generally for overhead 
doors that slide up and down on metal tracks. The mechanical setup is a 
bit different in one-piece doors that glide in straight tracks than in sec¬ 
tional doors that move in curved tracks. The greatest problems with 
these units often come during installation, where the physical size of the 
door opening (height and width) determine the size of the control unit 
required to drive a particular door, or from a poor installation. The in¬ 
staller may discover that an undersized control unit has been purchased, 
or will learn that the “square” opening is far from true. 

If the door opening is two or three inches different in top width from 
bottom width, the frustrated installer is going to have to learn a great 
deal about the proper way to mechanically adjust the tracks and all le¬ 
vers, brackets, drive arms, clutch wheels, and opening/closing adjust¬ 
ment nuts. The less perfect the installation, the more problems there will 
be down the road. 

For those who encounter operational failures in doors they did not 
personally install, it is best to make a thorough study of the 
installation/operation instructions that came with the door opener, and 
to make a complete study of the installation. In instances where your 
own unit is binding (not opening or closing completely) it might be ad¬ 
visable to inspect a friend’s properly working unit in order to observe the 
exact moves of the mRchanical parts and clutch operations so as to better 
understand what may have gone wrong with your own. 
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GARAGE DOOR OPENER 


MAINTENANCE AND ADJUSTMENTS 

Failures come under four general categories: 

1. The remote-control or the direct manual switching device fails to 
make the door operate. 

2. The door jams part way open or closed or causes a great deal of 
vibration or noise as it is operated. 

3. An overload, motor breakdown, or electrical failure has caused 
the unit to become totally inoperable. 

4. The unit operates too slowly or weather conditions cause unreli¬ 
able or intermittant operation. 

The most common difficulties arise from improper maintenance. 
Even though most modern units track on silicon-lubricated sealed bear¬ 
ings and the control motors are self-lubricating sealed units, the need for 
regular oiling, clutch wheel adjustment, cleaning, and mechanical tight¬ 
ening of all moving parts and brackets is essential for consistent quality 
perfomance. Garages are more prone to dust and grime build-up than the 
interiors of most homes. Use a blower or a slightly damp soft cloth to 
gently wipe dust and excess grease from all moving parts. In particular, 
keep the motor assembly housing clean, for a covering of dirt can lead to 
overheating and damage. 

If your unit contains an exposed pulley and belt drive, make sure 
this drive system is clean and the tension adjustment is correct accord¬ 
ing to the owner’s manual. If there is slipping or wear in the drive belts. 
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re|)lace thoiii. A little extra life can be given to drive belts by properly re¬ 
adjusting them and by dressing the surface that runs over the pulley and 
drive wheel with soap, parrafin, or bee’s wax. With the motor off, wipe 
the inner surface of the belt with the dressing, manually rotating the 
drive so that the entire inner belt is coated. Use a soft cloth to wipe off 
any excess. Then start the motor. Let the drive run in normal operation 
for 2 or 3 minutes, then adjust the tension according to the instruction 
manual. 

Your door opener may require occasional adjustments to make it 
close more snugly or to get it to open wider. The operator’s manual will 
describe a clutch adjustment to permit the door opening/closing drive to 
slip if the movement of the door is somehow obstructed. This slippage is 
a safety factor, preventing any possible injury to a person or pet caught 
accidentally in the closing door. When the obstruction remains for more 
than a few seconds, the automatic reverse control of most automatic 
door-opening devices takes over and re-opens the door. 

Opening adjustments must be made with the door closed. Turn 
most adjustment controls to the right if the door is not opening wide 
enough and to the left if it is opening too wide. 

Make the closing adjustments with the door open. Turn the control 
to the right to close less tightly and to the left to close tighter. 

Generally the automatic reverse mechanisim can be adjusted to 
make the door reverse its direction of movement under minimum pres¬ 
sure. The reverse operation is usually controlled by a spring-loaded 
switch. For maximum sensitivity, the adjustment screws should be 
turned so the gap in the spring is about Vs of an inch. 

Clutch wheels should be adjusted so as to move the door through its 
proper cycle, but be loose enough to slip if there is any obstruction to the 
movement. Test the slippage and reversal mechanisms by putting an 
empty cardboard box between the doorframe and the closing door. If the 
automatic device slips and/or reverses without damaging the carton, the 
set-up is proper. If the box is crushed before the reversal takes over, the 
clutch belt assembly is probably too tight. 

Whenever working on any garage door opener, keep safety first and 
foremost in mind. A garage door is heavy, and the various springs and 
other mechanical parts are built to handle a lot of weight. People have 
been severely injured by parts that are suddenly released from tension. 

Before beginning, read through all of the literature, both on the door 
and on the opener. Study all parts and try to determine where there are 
dangers. 
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A WARNING ABOUT FCC REGULATIONS 


Some people know how to increase the power of radio-controlled de¬ 
vices using illegal boosters. For example, some people have used illegal 
boosters to increase the power of Citizen Band radios in order to permit 
communication over longer distances. A few homeowners, wishing to 
operate their garage doors from longer distances, have used similar pow¬ 
er boosters. This is wrong and dangerous. 

The power of radio-controlled devices for automatic garage door 
openers is restricted and licensed by the Federal Communications Com¬ 
mission. One San Francisco homeowner is now serving a lenghthy pris¬ 
on sentence for manslaughter, after having caused the deaths of seven 
persons. Without knowing it, when he boosted the power of the remote 
control device for his garage door opener he generated a subharmonic 
(sub-multiple) of the unit’s operating frequency. This high-powered ille¬ 
gal subharmonic happened to fall into the same frequency range as the 
control tower radio frequency of a nearby small airport. A private plane 
was attempting an instrument landing in heavy fog. At a point less than 
100 feet from the ground, interference from this owner’s modified garage 
door opener blanked out all radio and direction-finding equipment on 
the aircraft. The plane crashed into an airport building. Seven were 
killed, but the FAA was able to recover a flight recorder from the dam¬ 
aged aircraft. It took over four months for the FAA officials to trace the 
repeat interference on this same frequency, but the man who modified 
his garage remote control device was eventually located, arrested, tried, 
and convicted. 

The safety warnings on all electrical devices are placed there for sol¬ 
id reasons, even if the home repairman does not fully understand their 
need. Never tamper with devices in an illegal or unsafe manner. 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Door fails to open or close when remote control 
device is used, but does operate correctly 
when operated by indoor manual control switches. 

Faulty remote device 

Check battery and 

remote control switch. 

Bad transistor or 

other component in 
remote control device 

Service the unit or take to 
a professional; replace 

Problem: Remote control device operates door, but 
direct manual switch fails to cause door 
to close or open. 

Switch is not set close enough 

Adjust 

Defective switch, or wiring 
open(short). 

Check/replace switch; 

check wiring with VOM 

Problem: Door opens or closes only part way, 

no matter whether operated by manual or 
remote control switches. 

Obstruction 

Check for proper adjustments, 
lubrication, or mechanical 
jamming. Could be caused by 
bent tracks, loose mounting 
brackets, slipping clutch, 
or any physical binding of 
door movement. Disconnect 
connecting arm of automatic 
door opening unit and 
manually open and close the 
door to see if it is tracking 
properly without being driven 
by the electrical drive 
motor. 

Slipping 

Clutch adjustment, or replacement 
of drive belt, if any. Check to see 
that the track has not become 
loose or misaligned. Dress 
and readjust belts. 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Motor turns on, but open/close 

mechanism fails to operate properly. 

Lubricant 

Lubricate unit and moving parts 

Ice buildup in track, 

or moisture freezing the 
door shut 

Warm garage or track; clean. 
Disconnect until warmer 
weather arrives. 

Problem: Electric motor fails to operate at all. 

Electric failure 

Check breakers, source voltage 
supply, and all switches 
(including reversing switch) 

Motor failure 

Check and repair/replace 

Problem: Fuse blows or breaker trips when 
device is operated. 

Short or motor overload 

Check all switches, motor, 
and wiring with VOM 

Circuit overload 

Check circuit, or use another 

Door binding; 

slippage adjustment 
too tight 

Adjust 
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Grass Trimmers and 
Lawn Mowers 


There are a number of electric lawn care appliances, the most common 
of which is the grass trimmer. All electric lawn care tools consist of basi¬ 
cally four parts: the casing, the on/off switch, the motor, and some kind 
of cutting blade or string. All operate on similar principles. 

If the lawn appliance doesn’t work at all, you have three places to 
look. There may be no power (or insufficient power) getting to the appli¬ 
ance (a dead outlet, or an overly long and/or overly small-gauge exten¬ 
sion cord). This is easily checked by using a VOM first at the outlet and 
then at the far end of the extension cord. 

Within the appliance, a bad switch could be keeping power from 
getting to the motor. Or the motor could be bad, in which case getting 
power to it won’t help. Again you can test with a VOM. First test for con¬ 
tinuity across the switch. (Many units allow this with a minimum of dis¬ 
assembly.) 

You can also test the motor itself (following the tips in Chapter 5) to 
see if this is the problem. 

Sometimes as you’re disassembling the tool for these tests, you’ll 
discover some other source for the problem, such as a drive belt that has 
slipped off or broken. 

More commonly, the appliance works but makes a funny sound. 
This is usually caused by blades that have clogged or jammed. The elec¬ 
tric motors used in these appliances are usually small and not v^ery pow¬ 
erful. Shut off the switch, then unplug it. Now you can safely turn the 
tool over to investigate. If the motor and/or blade is clogged, clear away 
the debris before you go back to work. That overload on the motor can 
burn it out very quickly. 
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Grass trimmers use a nylon or plastic cord to cut. Especially if the 
trimmer has an automatic feed, the cord may have worked its way out 
too far and become tangled. Again, a quick visual check will tell you if 
this is the case. 

Electric lawn mowers are less prone to clogging than grass trimmers. 
The blades are either metal or of relatively non-flexible plastic. The 
torque of the motor also tends to be higher, making it easier for the 
blades to slice through various plants. Even so, any lawn mower can find 
itself in difficulty if the plants are too heavy or are too wet, and especial¬ 
ly so an electric lawn mower. Vibration and extensive use also leads to 
wear and breakage of many mechanical parts. 

In all mower servicing and maintenance procedures, make sure the 
electrical power is turned off and the power cord is disconnected. Those 
blades are highly dangerous if turned on accidentally while the machine 
is on its side or upside down. 

Check all nuts, bolts, and screws before each use of the mower. In 
particular, make sure that the bolts holding the cutting blades are tight¬ 
ened to about 50 ft-lbs of pressure. 

Some operators simply remove any damaged guard, safety device, 
or protection flange. After all, the unwise operator reasons, the part had 
no effect upon the smooth running of the machine. But danger from 
rocks, sticks, dirt and other flying debris kicked into the air by the swift¬ 
ly moving cutting blades is immense. Do not attempt to run your mower 
without all safety guards and devices in place and in good working or¬ 
der. 

The appliance should be cleaned thoroughly after each use. If possi¬ 
ble (and safe), tilt it on its side and use a water hose to spray the under¬ 
side of the mower housing and the cutting blades in order to free any 
stuck masses of grass clipping. (Be sure to read the owner’s manual first 
to see if you can safely use water to wash the tool.) Then use a soft dry 
cloth to wipe clean all of the upper surfaces. 

Allow the motor to cool before storing your mower in any enclosure. 
The housing could get hot enough to set fire to any nearby oil-soaked 
rags or cardboard containers. 

After every 30 or 40 hours of operation, and at the end of the lawn 
mowing season, apply two or three drops of light machine oil on the in¬ 
side of all wheel bolts. Spin the wheel to distribute oil into the wheel 
bushings. At the same time, check to see if there are regular lubrication 
points or holes for the electric motor. 

Also check the cutting blades to see that they are tight and to deter¬ 
mine whether they need resharpening. If you use a file and handle your 
own resharpening, it is wise to purchase a blade balancer (available at 
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most hardware stores) so that you can determine if the cutter has suf¬ 
fered abnormal wear at one end. A balanced blade will stay in a horizon¬ 
tal position when placed on the balancer. By contrast, the unbalanced 
blade will tilt to the heavy side. In the latter case, file more metal off the 
cutting edge on the heavy end of the blade, then check the balance again. 

Whether or not the lawn tool has blades, check the other mecha¬ 
nisms for wear and tightness. 

Be sure that the lawn care tool you are using is meant for the job at 
hand. Misuse is the single greatest enemy of lawn care appliances, fol¬ 
lowing closely by poor storage and poor cleaning habits. 

DISASSEMBLY 

Steps for disassembly depend on the appliance. Most consist of three ba¬ 
sic sections. 

The section closest to the ground, where the work is being done, 
normally contains the motor and cutting blade(s), along with most or all 
of the mechanical parts. 

The topmost section contains the various switches and controls, 
and is generally where power enters the tool. In most cases, there is not 
much more than the incoming wires, an on/off switch, and the outgoing 
wires to the motor. 

The middle section, the handle is usually hollow to allow passage of 
the wires. Only rarely will you find anything else in this middle section. 

A special case is an electric leaf blower. It consists of a fan with a 
nozzle (usually flexible) coming from it. The motor and fan blades are 
most often in the top section. This section also contains the switch and 
any other controls that are used on that model. 

To disassemble, first inspect the casing. The screws for disassembly 
are usually obvious. In addition, most outdoor appliances have snaps 
and catches, along with various pressure fittings. These help to keep dirt 
out, but can make disassembly more difficult. If you take your time and 
don’t force anything, you’ll soon figure out how it all comes apart. 

The lower section will have the various mechanical parts, including 
various springs and clutches. Careless disassembly can make reassem¬ 
bly difficult or impossible. 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Appliance fails to work. 

Nothing happens. 

No power 

Test outlet; 

check fuse or breaker 

Bad switch 

Test switch; replace 

Bad motor 

Test; replace 

Short in wiring 

Test for continuity; repair 

Problem: Strange noises; motor stops. 

Mechanism is jammed 

Inspect and clean 

Blade bolt is loose 

Tighten to 50 ft-lb 

Problem: Unit turns on, but does not run 

smoothly, or does not cut grass properly. 

Overheated bearings 

Test/lubricate 

Motor winding or switch 
element is open 

Test/replace 

Connecting wires from power 
supply are open 

Test 

Drive belts are bad 

Test/replace 

Grime/dryness is keeping 
unit from working 

Clean unit/lubricate 

Problem: Mower vibrates abnormally. 

Blade bolt is loose 

Tighten 

Cutter blades unbalanced 

Sharpen and check balance 
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Hot Plates 


Hot plates belong to the same breed as the warming element in your au¬ 
tomatic coffee maker, an electric skillet, slow cooker, and electric deep 
fat fryer. 

In the heating element of a hot plate, electricity flows through the 
wire of the element, causing heat to be generated. A rheostat governs the 
amount of current, and thus the amount of heat. This rheostat control is 
usually calibrated with various temperature settings. In most hot plates, 
the rheostat also serves as the on/off switch. 

In some cases, there will also be a thermostat. This senses the tem¬ 
perature of the element and cuts off the current flow if it gets too hot and 
then cuts it in again as the temperature drops. The thermostat keeps the 
plate of the appliance at a constant temperature. 

Both the rheostat and the thermostat are usually contained within 
the same control box. Sometimes they are separate, with the thermostat 
more of an integral part of the heating element. 

Occasionally touching a hot plate gives the operator a shock. This 
means that somewhere inside a voltage-carrying line is being shorted to 
the chassis. Under no circumstances should the appliance be used until 
the cause is tracked down and fixed. First use your eyes. Look for melted 
wires or spilled food that could have caused a short to the case. 

You can then use your VOM to test for continuity (or lack of conti¬ 
nuity) of all wires. There should be a reading of infinity between the 
“hot” wires and the metal chassis. If you get a reading, continue your 
search until you find out what is touching the case that shouldn’t be. 

Some hot plates are prone to damage from spills. Wipe up all spills 
when using the hot plate, and clean it regularly. (If you’ve ever had to 
scrape through a half-inch layer of grease and dried, hardened food to get 
at the contacts of a switch, you’ll know how much easier regular mainte¬ 
nance is than repairing the resultant damage.) 
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DISASSEMBLY 


The way to disassemble the unit depends on how it is built. Some have 
exposed spiral elements on top, much like an electric range. Normally 
these can be easily tested and replaced, as they usually just plug into a 
socket. A few will have lugs, and they are also easy to replace. 

Some models have a smooth plate, much like the warming plate of a 
coffee maker. In this case, the heating element is generally accessed from 
beneath. Unplug the unit and turn it over. You will be able to spot the 
holding screws easily enough. Be sure to examine the appliance first to 
make certain that you don’t unscrew some internal component. 

In other models, the unit is held together from the top, or from the 
sides, or both. In almost all cases, the way to open the case is usually ob¬ 
vious. 

Once inside, the heater element is generally easy to replace —and 
also easy to disconnect for testing. The other components are also tucked 
inside the case and are accessed from beneath. Usually there is plenty of 
room inside for probing and testing. 

The first thing to do whenever opening this or any other appliance is 
to visually examine everything. Look for the obvious, such as corrosion, 
burns, and other damage. It could be that the entire problem with the ap¬ 
pliance is nothing more than a corroded contact. 


Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Won’t heal; totally 

non-operational. 

No power to outlet 

Check outlet 

Power cord is bad 

Test for continuity: repair/replace 

Switch or other control 
is bad 

Test; repair/replace 

Heating element is bad 

Test; replace 

Problem: Improper or no control of temperature. 

Thermostat, rheostat, or 
control device is bad 

Test; replace 

Heating element is aging 

Replace 
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Irons 


Most common problems in irons occur from defective cords, plugs, or 
switches, improperly operating thermostats or heating elements, and 
plugged openings or safety valves in steam irons. Automatic irons also 
have mechanical parts that can break or malfunction. 

When replacing the cord, keep in mind that the cord must draw a 
large amount of current. For a replacement cord, be sure to pick one that 
is capable of handling the load. 

The thermostat of your iron will generally be in one of two places. 
On some irons an adjustment screw is located externally in the handle 
and can be adjusted without disassembling the iron. On others the only 
visible control will be the normal temperature setting control, with the 
actual adjustment being made at the body of the thermostat. This means 
that to fix the thermostat you would at least have to remove the handle of 
the iron. 

A visual examination of the thermostat might reveal obvious dam¬ 
age, such as burning. If this is the case, it’s time to replace that thermo¬ 
stat if possible, or the entire iron. Occassionally you can bring your ther¬ 
mostat back to life by cleaning the contacts of the thermostat, such as 
with a file used to clean the points on an automobile. 

The heating element is most often sealed inside the base of the iron. 
Only rarely can you replace just the element; and in some cases you can’t 
even replace the base. As a general rule all you’ll be able to do is to test 
the heater element for continuity (see Chapter 6) to find out if the ele¬ 
ment is causing the trouble, and then replace the base, or the iron if this 
isn’t possible. 

Steam irons are more complex, and there are more things to go 
wrong. Preventative maintenance is the best way to avoid problems. Use 
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only distilled water. This will greatly reduce build-up in the tubes, 
valves, and outlets. If the outlets are clogged, you can sometimes clean 
them with a pipe cleaner. Do so carefully, as it is easy to cause damage. 

DISASSEMBLY 

The casing of an iron is usually a heavy, solid unit, which opens only 
from the top. Disassembly screws and clamps are generally found in the 
area of the handle, and are often hidden (for cosmetic reasons) beneath 
the trim of the iron. On irons with a filler spout for water, you often hav’^e 
to remove the cap before the iron will come apart. 

Proceed carefully when taking a unit apart, because often small 
springs and tiny bushings are involved. These may fall or snap out be¬ 
fore you have observed the exact way they are to be replaced when the 
device is reassembled. Make pencil drawings as you take an iron apart, 
marking down the order in which washers, bushings, electrical contacts, 
etc., are placed on the shaft of a bolt. Follow wiring color codes and 
guides as you remove switches, temperature control rheostats, or ther¬ 
mostats, in order to properly replace them. 

The more features your iron has, the more complicated it will be to 
disassemble (and reassemble). Irons with water reservoirs for steam 
present some special problems. Along with the heat gaskets and heat 
shields, all water-carrying tubes and reservoirs must be sealed, and the 
sealant must be able to withstand heat. 

Chances are very good that you’ll damage or destroy gaskets and 
seals in disassembly. Using the correct sealant in reassembly is impor¬ 
tant. Some sealants will not last under the conditions inside an electric 
iron and will actually cause new hazards. A poor seal that allows water 
to drip into and onto the electrical contacts, for example, can create a se¬ 
rious danger of shock. 

Problems with plugs, cords, and switches may be traced and cor¬ 
rected using the electrical wiring tests and troubleshooting advice of 
Chapters 2 and 3. Heating elements and thermostat control devices are 
discussed thoroughly in Chapter 6. Both should be read and studied be¬ 
fore attempting repair of any home iron. 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Iron fails to turn on 

or heat up. 

No power 

Check outlet 

Overloaded outlet 

Try another outlet 

Faulty switch, plug or cord 

Test; repair/replace as 


needed. 


Problem: Pilot light goes on, electricity is getting to 
iron according to VOM test, but iron does 
not heat properly, or temperature is too low. 


Bad heating element 

Test/replace 

Faulty thermostat 

Repair/replace 

Faulty heat control 
element 

Repair/replace 

Problem: Iron heats, but no steam comes out 
for pressing. 

Clogged vents, valves, 
or feed tubing 

Clean mineral deposits 

Improper water feed 

Check water feed; repair/replace 
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Juicers 


In mechanical movement and design of operation, a juicer is unique. But 
in the matter of component parts (electrical), it is quite similar to many 
styles of food processors (see pages 127 to 132). The juicer has a spinning 
or whirling scraper that is inserted into half of an orange, lemon, lime, 
etc. When the unit is turned on, the scraper scrapes all the moisture and 
pulp from the fruit into a holding tank or pouring container. Some mod¬ 
els have strainers to separate seeds and solids from the juice. 

Juicers have electric cords and plugs, switches (on/off and speed 
and/or size controls), and an electric motor. Generally the motor drive 
shaft is attached directly to the fruit scraper, but a few complex models 
have belts and/or speed-change gears. Because of the force involved 
when a juicer is turning at high speed, accidental jams may lead to bent 
parts —even to a bent motor shaft. Check for mechanical binding when 
the motor shaft or the scraper does not turn easily when the juicer is dis¬ 
assembled (with the power off and plug disconnected). If something is 
making the rotating motion stop, a careful inspection will prol)ably rv.- 
veal the bent or broken part. With some less-expensive models, the en¬ 
tire scraper is made of plastic. The shaft beneath might have worn away 
enough of the scraper so that the shaft spins merrily along, without pro¬ 
pelling the scraper. 

Food residue can create motor and speed problems. FrecpHint clean¬ 
ing of the appliance is recommended. About once every month (more of¬ 
ten if used daily), disassemble the unit and clean all parts thoroughly ac¬ 
cording to instructions in the owner’s manual. 
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DISASSEMBLY 


First carefully remove and set aside any glass or ceramic parts, such as 
the juicer or mixer bowls or pitchers. 

Countertop appliances have most of their screws and bolts on the 
bottom plate, although you will occasionally find screws tapped down¬ 
ward near the motor shaft, under the pitcher/bowl location. Be careful 
before removing any of these, for they may be motor- or switch-mount¬ 
ing screws instead of disassembly screws. If disconnected with the bot¬ 
tom plate still on, the motor or switch could drop down out of place, re¬ 
sulting in damage or lost parts. 

In countertop juicers the motor is usually in the base, and gears or a 
drive shaft extension reaches up to drive the scrapers. 

Some baseplates have snap-on fasteners, which may be popped or 
lightly pried loose by hand or with a screwdriver. Don’t force anything 
apart until you have made a thorough search for hidden screws or 
clamping fasteners. 

Study the motor mount arrangement. Speed changes can be effected 
by changing the physical position of the motor, with the drive shaft 
ground into different circumferences at the points where it is moved to 
drive the appliance. Other types of speed controls include sets of gears, 
or switching changes that actually vary the turning speed of the motor. 

Move bearings, bushings, gears, and drive shafts gently to learn the 
mechanical actions of the appliance for proper operation. This will be of 
help in correcting any jamming or binding difficulty. 
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Troubleshooting Chart 


Possible Causes Solution 

Problem: Machine fails to start; blows fuses/breakers; pilot 
light fails to light; on/off switch does not work. 

Wall outlet, power cord, Check/repair/replace 

plug, power switch, 
fuses/breaker, internal 
reset button, etc. 

Problem: Voltage at switch ok, but motor 
does not energize. 

Bad switch or connector Check; repair/replace 

Faulty motor Test; repair/replace 


Problem: Appliance works, but difficult or 
impossible to change speeds. 

Speed switches Test; repair/replace 


Problem: Can hear motor turn on but 
nothing moves. 

Binding of some part Disassemble; test 

Motor jammed Test, lubricate; repair/replace 


Problem: Appliance seems to be working, but 

juicing operation/function is not satisfactory. 

Improper scraper head Check manual to see that right 

blade/scraper is used. 

Broken or bent parts Repair/replace 
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Power Tools 


Successful repair of power tools often depends on having the right repair 
tools on hand. For example, many rotating shafts and gears on electric 
saws, drills, sanders, etc., are held in place with small alien-type set 
screws. These alien screws may be metric or American sizes. There are 
two types of alien wrenches —one for metric and one for the American 
standard. An American standard alien wrench may seem to fit the alien 
screw on the drive shaft of an electric drill. However, close inspection 
may reveal that the fit is not perfect, and a tiny bit of metal is worn away 
from either the end of the wrench or the fitting on the top of the screw 
each time it is turned. Eventually, either the screw or the wrench will be 
“stripped,” and become too loose in its fitting to be turned at all. The al¬ 
ien set screw will have to be drilled out with a “handy-out” attachment 
on yet another electric drill, with the hole then retapped for the next 
larger size alien set screw. The same can occur when working with stan¬ 
dard screwdriver slots, or with Phillips screws. Use the right tool head 
for the screw, and you will prolong the life of the device. 

Use the wrong tool, or a convenient “substitute,” and you are head¬ 
ing for a world of trouble. A repair job that should have involved the 
simple replacement of a 50(1: alien screw winds up being extremely cost¬ 
ly due to inefficient and incompetent home repairs. 

Most home workshop power tools are driven either by a rotating 
electric motor (drill, saw, sander, etc.), or by some form of impact twist¬ 
ing or pounding motion (electric automobile lug wrench, electric screw¬ 
driver, electric hammer, etc.]. A careful review of Chapter 5 on electric 
motors and their maintenance or repair is in order before attempting to 
fix any broken power tool. 

Doubly important are commonsense electrical and mechanical safe- 
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ty precautions. Avoid working while standing on damp floors or damp 
earth. Wear rubber-soled shoes. Watch fingers and hands to avoid nasty 
cuts. Never work on power tools while they are plugged in. All too often 
this basic rule of safety is forgotten. The result is injury or even death. 
One man had an electric staple gun jam. He used a needle-nose pliers to 
try removing the jammed staple while the unit was still plugged in. Si¬ 
multaneously, he jerked out the bent staple, accidentally hit the on 
switch, and quickly drove five staples to clamp his shirt front to his belly 
button before he could yank the power cord loose. Worse accidents hap¬ 
pen. You could loose a finger, limb, or your life by being uncautious 
with a power tool. 

Jigsaws, circular saws, electric drills, senders, grinders, and electric 
screwdrivers are the most common of household power tools. Then 
there are many more specialty items: electric lug wrenches, electric 
hammers, electric staple guns, electric pencil sharpeners, and electrical¬ 
ly driven vises, vibrators, files, spray painters, tile glue applicators, ca¬ 
ble cutters, and so on. 

There are also miniature battery-operated versions of the larger 
power tools for hobbyists involved in model train and airplane building. 
For these, the only real differences are the size of the tools and the dc 
motor used. 

Always study the tool first to see if a mechanical malfunction is in¬ 
volved. Often a motor cannot turn a shaft because of some sort of me¬ 
chanical bending or binding. The tool has been dropped, or improper 
force has been applied in pressing the tool against some surface. A shaft 
has been bent, set screws may have come loose, or part of the appliance 
casing may be jamming the proper operation of the tool. 

Rotate shafts by hand, with the unit disconnected from all power 
sources. Such visual inspection can reveal the trouble. Sometimes it will 
be necessary to remove the casing in instances where the mechanical 
jam is internal. Check to see that any gears are meshing correctly, that 
any belts, pulleys, or cams are rotating properly, and that the device is 
free of obstructions. 

Frequently, power tool jam-ups are caused by scrap material getting 
inside the works somewhere. On a power saw or in an electric drill, 
scraps from previous jobs may have accidentally slipped inside the case 
and jammed the unit. In power tools without overload protection de¬ 
vices, the jams can lead to the burnout of the electric motor. Replacing 
the motor without fixing the jam will not repair the tool. 

As in most small appliances, the most common problems arise from 
damaged power cords, wall plugs, and on/off switches. The repair or re¬ 
placement of defective cords, plugs, and switches is generally a simple 
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matter. Exact replacements are not necessary, so long as the new part 
you purchase is of suffient size and current-carrying capability to supply 
voltage to the tool. Replace a three-wire grounded cord for a power tool 
with another three-wire cord, not with an ungrounded two-wire connec¬ 
tor. The same goes for plug replacement. 

In switch replacement, be sure the new switch is of the same type. 
Don’t substitute a single-pole/single-throw switch into a tool designed to 
use a double-pole/double-throw switch. If a substitute replacement 
switch does not fit inside the housing of the tool, don’t just tape it in 
place somewhere on the handle with exposed wires. This can be a dan¬ 
gerous stop-gap repair. In fact, don’t use that substitute at all. Find a suit¬ 
able replacement that will fit. 

You will frequently encounter sealed motor units on small power 
tools. If the motor casing is held together by rivets or welding, getting at 
the motor will be difficult or impossible. Since the motor is useless un¬ 
less you can effect a repair, you might as well carefully pry or drill the 
case apart. If you fail, nothing is lost since you would have to purchase a 
replacement motor anyway. And you might find that the needed repair 
is simple and easy. The motor may be fine, but an internal contact wire is 
loose or corroded. Make the repair, and then use sheet metal screws or 
nuts and bolts and a drill to carefully put the case back together again. 
(Be sure that the screws don’t stick out where they are not supposed to.) 

The motor may have been damaged mechanically by a bent shaft, or 
by broken bearings or mounts, etc. If an exact replacement cannot be 
found, it is often possible to take the broken or bent part to a local ma¬ 
chine tool shop where an operator can fashion a replacement less expen¬ 
sively than buying a new motor. Sometimes, the machinist will be able 
to straighten or repair the broken or bent part without weakening the 
structure excessively. There have been cases where a $1 bench straight¬ 
ening job, done in seconds, meant that the owner avoided having to pur¬ 
chase a new $150 replacement of the entire tool. 

On power tools, study the unit to determine if some form of magnet¬ 
ic clutch, speed control, or overload device has been incorported into 
the design. Often, the malfunction is due to one of these control units, 
rather than due to damage of the motor itself. Test and repair or replace 
these parts before giving up on the motor. 

In belt or gear-driven equipment, test for slippage and wear. Dress 
belts with soap or beeswax before ordering replacement. With gear ar¬ 
rangements, slowly turn the mechanism by hand to see where the 
meshing problem occurs. Often a tightened set screw or a repositioning 
of internal adjustments can “fix” the tool. Be sure to study the owner’s 
manual to determine the location and method for making possible tool 
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adjustments. It may not be broken —just worn to a point where a stan¬ 
dard operator’s adjustment was supposed to have been made. And you 
forgot to review the manual carefully before using the tool extensively. 

Impact tools and those involving some kind of back-and-forth move¬ 
ment for proper operation can be designed around cams, automatic volt¬ 
age switching arrangements, and belt/pulley/gear drive mechanisms. A 
cam is an eliptically shaped gear that moves a part in and out as the cam 
shaft rotates. An example would be a cam wheel pressing against the 
drive shaft of a record player or tape recording turntable. When speed 
changes are made by the operator, the cam rotates and causes a different 
set of pulleys, belts, or drive gears to be engaged. The motor works at a 
constant speed, but a mechanical change effected by the rotating cam 
changes the speed of the device driven by the motor. 

The cam is usually held in place by a set screw. It won’t do the job if 
that set screw has come loose, or has fallen out of place. 

Other impact tools utilize solenoids. This is a type of electric 
switch. A coil of wire is used as an electromagnet. When power is ap¬ 
plied to the electromagnet, it will either pull in or push out a metal shaft 
mounted inside the core. The movement of the solenoid shaft will either 
mechanically turn some switch on or off, or will reposition some part of 
the tool’s mechanism in order to switch its operational function. Sole¬ 
noid coils may be checked with a VOM, just like testing the windings of 
a motor. Test for continuity in the resistance range (with no voltage ap¬ 
plied). Then use the VOM to test all contacts and all wiring to and from 
the solenoid. With voltage off, push and pull the solenoid shaft to see 
that it moves freely and is not jammed. It can be lubricated, just like a 
motor shaft. 


DISASSEMBLY 

With any power tool, disassemble slowly and cautiously. Many tools 
contain springs and special clips that help to position critically placed 
parts. Careless disassembly can cause springs to fly across the room, lost 
forever —and you won’t be sure of where a replacement goes. A lot of 
gears, pulleys, drive shafts, and mechanical parts are held in place with 
spring clips. Often these must be replaced when they are removed dur¬ 
ing disassembly, because the removal bends them slightly out of shape. 
Just be sure the fittings are as tight upon reassembly as they were when 
you first took the tool apart. 

Again, the necessity of using the right tools cannot be emphasized 
too much. Don't strip screw heads or nuts or bolts. Use careful force in 
“breaking” any connection or tight screw or bolt. The use of WD-40 or 
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some other type of penetrating oil can help in the removal of stubborn 
nuts and bolts. 

When it comes to repairing broken wires or electrical contacts, re¬ 
view the soldering splicing tips in this book. Do the repair right, and the 
fixed electric power tool will give you years of smooth operation. 


Troubleshooting Chart 


Possible Causes 

Solutions 

Problem: Tool does not turn 
does not light. 

on; on lamp 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

No power to outlet 

Check outlet 

Problem: Breaker or fuse blows when unit 
is plugged in or turned on. 

Circuit overload 

Try another outlet 

supplied by a different 
circuit 

Short circuit 

Test 

Problem: Unit turns on, but does not rotate properly, 
or tool does not do its work properly. 

Tool overheats. 

Blown fuse or breaker 

Test 

Motor winding is open 

Test, replace 

Connecting wires from power 
supply to motor are open 

Test, replace 

Thermostat is bad 

Test, replace 

Grime/dryness is keeping 

motor plate from working 

Clean unit/lubricate 

Mechanical binding 

Examine tool; repair or replace 
as necessary. 
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Pumps 


A pump sucks up liquids from one point and uses pressure to force the 
liquid through a pipe or tube to another location. Most pumps used in 
small appliances or in household operations are electrically powered. 
They include pumps in automatic dishwashers, sump pumps to drain 
flooded basements or patio areas, siphon pumps for moving gasoline 
from one storage tank to another, and pumps in an evaporative cooling 
system that keep the system’s cooling pads moist. 

Most electrical pumps receive operating current through a ground¬ 
ed three-wire cord because of the dangerous combination of electrical 
power and moisture. Part of household routine maintenance procedures 
should be a monthly check to test the electrical continuity of all pump 
ground connections. For shock safety, insulated plastic pump housings 
are better than metal housings. 

Power cord insulation is extremely important for safe pump use. 
The electrical connections to all outdoor pump motors should be thor¬ 
oughly checked at least every 60 days for fraying or weather wear. 

The principles of pump operation are simple. An electric motor 
drives a shaft. The shaft extends into a pump suction head, that is at¬ 
tached to vanes or blade-like extensions. The suction head is immersed 
into the liquid to be sucked up. This suction head is in a covered hous¬ 
ing, in which the vanes rotate. Centrifical force whirls the liquid through 
the suction head housing, which channels the flow into a pipe which 
then sends the liquid on its way. Suction heads are generally equipped 
with a strainer or filter so sediment or materials floating in the liquid 
can’t get into the suction head and jam the rotating motor action. 

With vacuum pumps, for lift-type suction, the vanes whirl in an air¬ 
tight chamber channeling air from the chamber and the lift pipes 
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through a vent. Thus centrifical force is used to generate a vacuum. The 
resultant vacuum is strong enough to pull the liquid up from its lower 
level to a point as high as twenty feet above the surface. 

In addition to the normal on/off power switch, most pumps have a 
float valve that works as a secondary power switch. The float is a hollow 
plastic or metal cannister, or a wooden or cork float. It is attached by le¬ 
ver to a mechanical power switch. The lever may be adjusted so that the 
motor turns on or off when the liquid reaches a desired level. The float is 
much like the big floating bulb in a toilet tank, which turns off the water 
input when the tank is filled. In the case of a pump, the float acts to turn 
the motor on or off at certain preset levels. 

Complex pumps also incorporate check valves, or vacuum valves, 
which allow liquid to flow through them in one direction, but be 
blocked from backing up in a reverse flow. 

Before attempting any extensive pump repair, be sure to check the 
system thoroughly for clogs and mechanical jams. These are the main 
reasons a pump fails to operate correctly. Also, the suction head must be 
fully immersed or the pump will not operate. 

If a check valve is part of the system, this may become clogged and 
defective. A hinge action inside the valve allows a plate to move back 
and forth, opening to allow flow in one direction, and swinging back to 
close the pipe when the liquid attempts to backflow. A check valve can 
become inoperative if the hinge or the plate is jammed by sediment; bet¬ 
ter systems use a vacuum valve that is self-cleaning. 

DISASSEMBLY 

Since many parts of a pump operate under water or while immersed in 
some possibly corrosive liquid, extreme care should be taken when at¬ 
tempting to take down the unit for service. Rust or corrosion may literal¬ 
ly weld nuts onto bolts, and screws into “permanent” sockets. Use liber¬ 
al application of a penetrating oil such as WD-40, and try to avoid exces¬ 
sive force in “breaking” stubborn connections. The same rust and 
corrosion problems might make it difficult to take apart pipe and valve 
connections. 

The pump motor itself will be housed away from the liquid. As a 
general rule, a shaft will lead from the motor through a watertight gasket 
and to the impellor of the pump. If this gasket fails and fluid gets inside 
the motor housing, you’ll find yourself replacing the pump —or at least 
the motor —rather soon. 

The housing is often held together with long bolts. With some 
pumps, the housing is a sealed unit. This helps to make the motor last 
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longer, but it also means that you’ll have to replace the entire pump in 
case of a motor problem. 

Wear and rust mean that floats and their lever attachments, and 
many components of the suction head, might have to be replaced fairly 
often. A regular maintenance schedule, with complete cleaning and lu¬ 
brication, will help everything last longer. 

Many of these related parts are held in place by screws, clips, or oth¬ 
er devices. Once again, rust and corrosion are the greatest enemies. Re¬ 
moval for disassembly can be a frustrating job. Do so carefully. 


Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Pump does not turn on. 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

No power to outlet 

Check outlet 

Problem: Breaker or fuse blows when unit 
is plugged in or turned on. 

Circuit overload 

Try another outlet 

supplied by a different 
circuit 

Short circuit 

Test 

Problem: Unit turns on 
pump liquid 

i, but does not rotate properly or 
as designed. Pump overheats. 

Blown fuse or breaker 

Test 

Motor winding is open 

Test, replace 

Connecting wires from power 
supply to motor are open 

Test 

Float valve is stuck 

Test, replace 

Grime or mechanical jam 

Clean unit/lubricate 
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II Sewing Machines 


Before attempting to repair a sewing machine study thoroughly the oper¬ 
ator’s manual. If the manual has been lost, obtain a replacement from the 
manufacturer before starting your repair efforts. 

When purchasing a new sewing machine, carefully review the nor¬ 
mal maintenance procedures for that particular model. Frequently, there 
are points that must be lubricated before each use of the machine. Also, 
there may be switch and lever positions to be set when the machine is 
not in use for long periods of time. The threading and needle change in¬ 
formation is critical, since needles break frequently, and the machine 
will not operate if threaded improperly. 

Proper oiling is a must. When in continuous use, the machine 
should be oiled daily. Oiling spots are generally inside the arm and in 
the bed of the machine (see the owner’s manual). Generally, the bed is 
accessed by lifting the hinged sewing machine plate and swinging it 
back. Apply a drop of oil to all moving parts. 

Many machines have sealed motors that call for no lubrication. 
However, a drop of oil on the shaft as it enters the motor housing can be 
helpful. 

The shuttle race is one of the most important oiling spots on the 
sewing machine. A drop of oil in the spot indicated in your owner’s 
manual should be applied before each use of the unit. 

There should be no more than V 4 to V 2 inch of slack in the motor l)(dt. 
If excessive, locate the adjustment screw, which is usually located on 
the motor holding bracket. Loosen this screw, retightening it wlum th(^ 
belt is back to its proper tension. Often there are alignment adjustiiKmts 
for the drive belt. Consult the manual for your particular model. 
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In mail}' models, bobbin thread tension is permanently set at the fac¬ 
tory and seldom needs changing in normal operation. But when the ten¬ 
sion of the bobbin thread is consistently wrong, you can adjust it by turn¬ 
ing the screw on the bobbin tension spring. To increase tension, turn the 
screw slightly to the right. To decrease tension, turn the screw to the left. 

For a jammed shuttle, first clean away loose threads and debris. 
Turn the balance wheel to lift the needle to its highest position, then re¬ 
move the bobbin case. Press down on the spring-loaded shuttle race cov¬ 
er clamps and remove the shuttle race cover and shuttle body. Carefully 
clean by removing all stray thread, lint, etc., and reassemble. 

Missing stitches are a common problem, but they are usually due to 
operator, not machine, error. If the machine is not threaded correctly, 
the machine can jam up, skip stitches, stitch irregularly, and any num¬ 
ber of other problems. 

Improper stitching and thread breaks can also be caused by improp¬ 
er adjustments. A standard sewing machine has a number of adjusting 
screws and knobs and so on. Set the bobbin tension too high, for exam¬ 
ple, and that thread is bound to break. (Set it too low and the machine 
won’t sew correctly.) 

Thread breaks can also be caused by using the wrong needle, or by 
using a needle that is bent or damaged in some way. A needle of the 
wrong length can also break, or can cause other damage to the sewing 
machine. 

If your sewing machine is having a problem with stitching, and you 
just can’t seem to find the source of the difficulty, try loading the ma¬ 
chine with two contrasting thread colors, such as black and white. Then 
look at the results. Quite often you’ll be able to tell quickly if the trouble 
is with the upper or lower sections of the threading mechanisms. 

Sometimes when a sewing machine is brought in for repairs, the 
owner says that everything seems to work okay, but the machine runs 
“heavily.” The first and immediate suspect is dirt, grime, lint, pieces of 
thread, and other such things. Most of the time, a decent cleaning is all 
that is needed to get the machine back into tip-top condition again. 

The use of inferior types of lubricating oil can also cause problems 
and sluggishness, as can over oiling. (In correct lubrication, a little goes a 
long way.) Follow the manufacturer’s recommendations. For lubrica¬ 
tion, tension settings, other adjustments, and disassembly your best 
source is the owner’s manual. An owner’s manual is important for all ap¬ 
pliances. With a sewing machine it is absolutely essential. 
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Reprinted by permission from The Complete Book of Machine Embroidery by Robbie 
and Tony Fanning (Radnor, Pa.: Chilton, 1986). 
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DISASSKMHLY 


Kach brand and model is slightly different. More important, due to the 
precision of the machine, you probably should not try to further disas¬ 
semble your sewing machine, other than what is detailed in the owner’s 
manual. This is one time when leaving the job to a professional is worth 
the e.xpense. 


Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Sewing machine does not function; 
on lamp does not light. 

No power to outlet 

Check outlet 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

Problem: Breaker or fuse blows when unit 
is plugged in or turned on. 

Circuit overload 

Try on another outlet 

supplied by a different 
circuit 

Short circuit 

Test 

Problem: Unit turns on, but machine does 
not sew properly. 

Connecting wires from power 
supply to motor are open 

Test 

Grime/lint in motor 

Clean unit; lubricate 

Drive belt broken or slipping 

Examine: repair or replace 

Problem: Threads (upper and lower) break. 

Incorrectly threaded 

Rethread 

Tension too tight 

Adjust 

Machine dirty and clogged 

Clean; lubricate 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Fabric does not 

move through properly. 

Improper tension or other 

See owner’s manual and adjust 

settings 


Worn or damaged feed dogs 

Examine; repair or replace 

Problem: Skips stitches, or gives irregular stitches. 

Improper threading 

Rethread machine 

Tensions not correct 

Adjust 

Bad or improper needle 

Replace 

Dirty or clogged mechanisms 

Clean 
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Shavers 


Cleaning, maintenance, and repair of electric shavers depends much 
upon the model, so refer to the owner’s manual first. Each model incor¬ 
porates differing cleaning and lubricating methods, and although most 
razors have a cutting head that simply pops off for cleaning, disassembly 
can be tricky if you don’t have the proper manual for your razor. If you 
have misplaced the manual, generally a retail store which sells the same 
make and model will be happy to provide you with a replacement man¬ 
ual at low cost. Or you can write directly to the manufacturer. 

Rechargeable cordless shavers are very popular today. Some have a 
wall plug that can be left in an outlet for a few hours until the razor’s in¬ 
ternal battery recharges. Others are entirely cordless, and the holding 
stand is the recharging device. Again, reference to the operator’s booklet 
is essential. Some units should be left plugged into the wall outlet con¬ 
tinuously, while others can be damaged if overcharged. A few models 
operate either from a standard ac wall outlet in the home, or from the ci¬ 
gar lighter attachment in a car (a dc voltage source). Some shavers have a 
strong enough internal rechargeable battery that they can be used for five 
to ten days before running down. (These are great for camping trips.) 

Cordless shavers have inside battery packs. These can be tested in 
the same way as any other battery or battery pack. Use your VOM, set to 
read dc volts in the proper range (usually well marked on the battery). 

The battery pack itself might be the slip-in type, which makes 
changing it relatively simple. All too many models use a pack that sol¬ 
ders into place. Changing these can be tricky, and even dangerous. The 
rechargeable batteries are sensitive to heat, and it’s easy to damage the 
cells during soldering. And with the cost of the replacement pack, you 
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might want to let a professional handle the battery change rather than 
taking the chance of ruining the new pack. 

Before going through the bother and expense of changing the battery 
pack, take a moment to test the output of the charging base unit with 
your VOM. If it’s not supplying the proper voltage, the batteries in the 
shaver won’t get recharged. What appears to be a problem with the bat¬ 
teries could have nothing to do with the shaver itself, but with the re¬ 
charging unit. 

Check with the owner’s manual for your particular shaver to see if 
there are adjustments for various types of hair —thick, thin, dry, oily. 
Also test to see which operating positions work best for you. Normally, 
the shaver head should be kept flat against the surface to be shaved. Use 
short and even strokes, up and down about 1 to 2 inches. Do not move 
shaver in a sideways or rotary direction, and always move the head with 
and against the direction of hair growth. 

Most shavers use one of two types of motor. Perhaps most common 
is the simple universal motor (see Chapter 5). This is like a miniature 
version of any other standard universal motor. The same principles ap¬ 
ply, as do testing and repair techniques. 

Also common is the vibrator motor, which isn’t really a motor at all, 
but more like the clapper used to ring the bell in an old-style telephone. 
The vibrator causes a back-and-forth motion due to an electromagnet 
pulling on a spring which is in turn attached to the cutting blades. Test¬ 
ing it is much the same as testing a standard motor. If power isn’t getting 
to the electromagnet, nothing will happen, so your first step is to use the 
VOM to test for incoming power. The electromagnet is a coil of wire 
wrapped around a metal core. As with the windings of a motor, the 
winding of an electromagnet can be tested for continuity, for short cir¬ 
cuits, and for opens. 

Whatever drive system is used, always begin with a thorough clean¬ 
ing and an equally thorough visual examination. More times than not, 
the problem will be simply one of hairs causing a jam or other malfunc¬ 
tion. 


DISASSEMBLY 

The quality of shave you get will be consistently good if you regularly 
disassemble and clean the head after daily use. Routine lubrication with 
a light shaver oil will keep the cutter blades sharp and the movement 
swift and sure. The owner’s manual will explain how to do this proper- 

ly- 

Almost all shavers and clippers use very small motors. These are 
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Reader’s Digest General Books, 1977). 
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difficult to repair, and are sometimes almost as difficult to remove for re¬ 
placement. The screws and bolts tend to be rather tiny, and they some¬ 
times require special small-bit tools. 

Most modern razors have some style of snap-apart disassembly for 
the case, with access screws involved only when you must get to the mo¬ 
tor or the power switch assembly. If you do not have a manual, carefully 
study your unit to see if you can determine exactly how the housing goes 
together and what holds the head to the top of the appliance. 

With the head assembly open, carefully lift any moveable 
hairstoppers, oscillators, and cutting blades. Use a cleaning brush, usu¬ 
ally supplied with the razor, to carefully remove any hair clippings. 

Many manufacturers provide convenient customer service. Every 
six to twelve months, you can take your shaver to the store where it was 
purchased (or to a regular manufacturer’s outlet), and a trained operator 
will clean, oil, and adjust the cutting blades. This service is free in many 
instances, and available at a minimal charge for other makes and mod¬ 
els. 

In case of a total power supply malfunction (the razor does not oper¬ 
ate, blows fuses or breakers when plugged in, does not recharge, etc.), 
then it will be necessary to break down either the shaver itself or its com¬ 
panion recharging unit. Although the motors are tiny, the same service 
procedures are involved as outlined in Chapter 5. The workshop VOM 
may be utilized to determine cord, plug, and switch defects; the voltage 
and current scales are useful for testing the recharging capability of any 
plug-in attachments. 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Shaver does not operate. 

No power to outlet 

Check outlet 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

Recharger faulty 

Check charging unit 

Faulty motor 

Test; repair or replace 

Problem: Breaker or fuse blows when unit is 
plugged in or turned on. 

Short circuit 

Test 

Problem: Unit turns on, but does not shave 
properly, or recharge as designed. 

Connecting wires from power 
supply to motor are open 

Test 

Charger is faulty 

Test/replace 

Grime/mechanical jam of 
cutters 

Clean unit/lubricate 

Transmission is broken 

Disassemble and examine 

Cutting blades dull or 
damaged 

Examine; replace 
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Skillets and Frypans 


One of the first small appliances to find its way into numerous homes 
was the electric skillet. Today these electric cookers come in just about 
every conceivable size and style. There are tiny frypans to handle a cou¬ 
ple of strips of bacon and a single egg, deep fat fryers for whipping up a 
batch of donuts or french fries, huge “serving tray’’ cooker/warmers for 
handling a half ton of hors d’oeuvres, special pans to shape and cook sin¬ 
gle hamburger patties, and on and on. 

A development which has added immensely to the popularity of 
these items is that most of the models manufactured over the past decade 
have no electronic parts except the heating element contained in the un¬ 
der surface of the pan. All power switches, thermostat elements, and 
connecting cords are self-contained in a removeable handle. This means 
that the dirty skillet can unplugged and fully immersed in soapy water 
for cleaning. Before you do so, however, read the instruction manual 
that came with the appliance. It will tell you how to properly clean the 
electric fry pan. 

Despite the great variety in design, most of these appliances work on 
the same general principles and have very similar parts (and very com¬ 
mon repair problems). 

A fairly common problem with a pan that can be washed and a plug¬ 
in control unit handle is corrosion of the plug-in contact points, due to 
frequent wetting. One way to keep these electrical contacts clean and in 
good conducting shape is to use a fine sandpaper or a fine metal file 
[gently!] about once a month to lightly touch up the contact points. Be 
sure to thoroughly blow out any metal filings. 

Another wav to clean contacts that leaves no residue is to take a 
non-lubricating spray contact cleaner and treat the two plug surfaces lib- 
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erally once every four to six weeks. Spray the prongs on the handle, and 
spray into the prong socket; insert the plug and wriggle it around, then 
remove. 

A disadvantage of the immersible style frypan is that usually the 
heating element is sealed inside a cavity in the base of the pan. If some¬ 
thing happens to cause the heating element to open (fail) the pan must be 
returned to the manufacturer or a company service representative for re¬ 
pair or replacement. Quite often a shorted or opened heating element 
means that it is time to replace the appliance as a whole. Study your unit 
carefully to determine if the heating element is accessible for service, or 
whether the pan and heater are fully sealed. 

DISASSEMBLY 

The control handle for electric skillets are usually very easy to take 
apart, and service checks are quite simple. In most cases, no more than 
one or two bolts or tap screws are used to hold the handle together, or to 
attach a cover plate for the power controls. Many of these detachable 
control handles are of the “clam shell” type —two halves held together 
with a single nut and bolt protruding through the middle. When taken 
apart, one half of the shell is the cover, and the working controls are held 
in place in the other half. 

The VOM may be used for continuity and voltage checks in testing 
the power cord and plug, the on/off switch, the thermostat or rheostat 
temperature controls, and any internal timing controls the appliance 
may utilize. 

In some deep fry models and in many of the older electric frypans, 
the control units are contained with the heating element in the bottom of 
the pan. For these, disassembly is generally possible by turning the ap¬ 
pliance upside down on the workbench in order to gain access to the 
hardware holding the unit together. Check the heating element and any 
thermostat or rheostat temperature control according to the tips given in 
Chapter 6. 

Replacement parts will be obtainable from the manufacturer (con¬ 
sult the operator’s manual) or the nearest manufacturer’s service repre¬ 
sentative. For some standard brand electric skillets, common replace¬ 
ment parts might be available at major discount supermarkets or appli¬ 
ance warehouse outlets. 

Defective power switches, cords, and plugs may often be replaced 
by parts available from any general hardware counter, so long as the re¬ 
placements are of the same wire gauge and switch type, and can fit the 
available space. 
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Troubleshooting Chart 


Possible Causes 


Solution 


Problem: Device begins to overheat; unit does not turn on; 
pilot lamp does not light. 


Faulty power cord or plug 
Defective switch 
No power to outlet 


Check cord and plug 
Check switch 
Check outlet 


Problem: Breaker or fuse blows when unit is 
plugged in or turned on. 


Blown fuse or breaker 

Heat element is open 

Connecting wires from power 
supply are open 

Thermostat is bad 

Grime or dryness is keeping 
unit from working 


Test 

Test/replace 

Test 

Test/replace 
Clean unit 
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Slow Cookers 


Slow cookers are similar in operation to electric skillets. The difference 
is in the thermostat that determines the amount of heat being produced 
and in the electro/mechanical timing devices. 

Some of these units are designed to operate with a clamped and 
sealed lid, much like pressure cookers. In such instances, the appliance 
is equipped with a steam escape valve and generally with some form of 
sensing device to automatically turn off the cooker if the food becomes 
too dry (to avoid burning). If the valve or sensor fails to operate properly, 
the owner can come back to find a sticky, burned mess. 

Many of these units are made of ceramic, which is easily cracked or 
flawed. Some have containers with double-wall construction (an air 
space between the walls). Leaks, cracks, and material flaws can make the 
unit irrepairable. Some of the better units, however, can be supplied 
with replacement pots and lids so long as the heating element, thermo¬ 
stat unit, and all other electrical parts are in good shape. Study the oper¬ 
ational manual to determine what replacement parts might be available 
in case of malfunction. 

Power cords, plugs, and on/off switches cause most of the break¬ 
downs of this appliance, with defective heating elements or thermostats 
coming in second. Testing and repair of cords, plugs, and switches is re¬ 
viewed thoroughly in Chapters 3 and 4. 

Slow cookers are intended to be in place and on for very long peri¬ 
ods of time while unattended. For this reason, the appliance should be 
carefully placed for safety when operated unattended. Make sure no 
flammable materials are close, in case of a short or other electrical mal¬ 
function. And be sure the unit is placed on some type of rack or raised 
surface, so that in case of overheating or cracking, fluids will not become 
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a danger if they overflow and seep into the heating element or electrical 
control circuits. Many safety-conscious cooks will operate these appli¬ 
ances only on drainboards where there is a slight downgrade flow to a 
sink, or outdoors where malfunctions cannot lead to problems beyond 
the cooker itself. 

Follow cooking instructions that come with the appliance. Do not 
overfill, and watch the temperature and time control settings carefully. 

Cleanliness and maintenance are important to obtain long life. Fol¬ 
low the manufacturer’s cleaning instructions, and do not immerse the 
heating element or the electrical circuits in water. 

DISASSEMBLY 

A few of the least expensive slow cookers have electronic components 
that are completely sealed inside the ceramic cooking pot. These are not 
possible to repair, since opening the unit will crack the cooking contain¬ 
er. 

Appliances that may be repaired generally come apart from the bot¬ 
tom. Empty and clean the cooker according to the operating manual, and 
turn the pot upside down. Removal of two to six screws or holding bolts 
will usually allow removal of the bottom and provide access to the pow¬ 
er switch, control devices, and heating element. 

Use your VOM to check for continuity and to test voltages at various 
operating points. This, plus a careful visual inspection, will allow you to 
find most malfunctions. Because of tight spacing and the critical cooking 
temperatures required for proper operation, exact replacement parts will 
be necessary in most instances. 

In case of container leaks, check any rubber or plastic seals for wear 
or breakage. Some commercial ceramic glues and repair solvents are 
available, but since the appliance will be used under heat, use only fire- 
retardant adhesives in attempting repairs. And check to be sure that any 
glue or solvent used does not deteriorate under heat, where it might be¬ 
come dangerously absorbed into any food being prepared in the appli¬ 
ance. 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Device begins 
does not turn 

to overheat; unit 

on; pilot lamp does not light. 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

No power to outlet 

Check outlet 

Problem: Breaker or fuse blows when unit is 
plugged in or turned on. 

Circuit overload 

Try on another outlet 

supplied by a different 
circuit 

Short circuit 

Test 

Problem: Unit turns on, but does not 
cook properly. 

Blown fuse or breaker 

Test 

Motor winding or heat 
element is open 

Test/replace 

Connecting wires from power 
supply are open 

Test 

Thermostat is bad 

Test/replace 

Grime or dryness is keeping 
unit from working 

Clean unit/lubricate 


220 


Chilton's Guide to Small Appliance Repair'Maintenance 

SLOW COOKERS 
















Space Heaters 


Portable electric heaters are a handy and relatively inexpensive way to 
warm small sections of a home. They are frequently used in bathrooms 
or bedrooms to keep things warm while bathing or dressing, or in a ga¬ 
rage. Most space heaters are very simple in design and operation. They 
consist of a power cord, the cabinet, a heating element, the on/off switch 
and, in some better models, thermostat or rheostat controls to maintain 
certain temperatures. A few have motor-driven fans to help disperse 
heat throughout a small space. 

As with any appliance that heats, electric space heaters draw a large 
amount of current. All replacement cords and parts must be of sufficient 
size to handle that current. 

If your space heater seems to be constantly blowing fuses or circuit 
breakers, it could be that there is a short somewhere in the unit. More 
likely, the appliance is drawing more current than can be supplied by 
that circuit. The standard outlet in a home is supplied through a 15-amp 
circuit breaker or fuse. Many space heaters draw 20-amps or more. If you 
plug it in to a 15-amp circuit, it could seem that the appliance is mal¬ 
functioning. 

Almost all space heaters will draw a respectable amount of current, 
even if it’s less than 20 amps, and you can still have difficulties. For ex¬ 
ample, if the unit you purchase requires 14 amps to operate, if you also 
flip on a couple of lights, you’ll have overloaded that circuit. 

Most heaters are built with the electrical circuits all in series, so if 
any part of the circuit is open, the appliance will fail to operate. A total 
continuity check through the unit with the power off may help to pin¬ 
point the problem. Begin by testing the overall unit (by testing at the 
plug), and then work your way inwards, isolating by sections, and then 
down to the individual components. 
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The heater element(s) is held in place by insulated stand-offs. In 
most units the heater element is plugged. This makes it easy to test the 
element. Set your VOM to read resistance in the xl range. A heater ele¬ 
ment in proper working condition will usually provide a reading of 
somewhere between 10 and 15 ohms. A reading of no resistance proba¬ 
bly means that you’re not taking the measurement correctly, but could 
also mean that there is a dead short in the element. A reading of infinity 
means that there is a break (an open] in the element and you’ll have to 
replace it. 

Occasionally you can replace just the element wire. This is done by 
feeding the new wire through the insulators. It takes a delicate touch. For 
the unit to work properly, the wire must be uniform throughout its path, 
and must be undamaged. 

Other problems with space heaters include units that fail to go on at 
all, that short circuit, that do not heat even though the fan operates, that 
refuse to maintain the temperature at the selected control settings, or 
that give a shock to the operator when the cabinet it touched. 

A visual examination of the appliance and its components will of¬ 
ten reveal the source of the problem. Look especially for signs of burning 
and for obvious breaks in the element wire. 


DISASSEMBLY 

A space heater usually consists of the rear case, two side panels, the 
heater element and reflector assembly, and the front panel with the con¬ 
trols and the protective screen. All models will also have legs and a han¬ 
dle. It’s rare that you’ll ever have to remove these. 

If the unit has a fan, it is probably attached by screws to the rear cas¬ 
ing. This means that you have to be careful during disassembly. The 
screws that hold the case together are virtually always around the edges. 
If there are screws that are away from the edges, chances are good that 
they are holding something inside. Don’t remove them until you know 
where they go and have determined that there is a reason for removing 
them. 

Controls and other components on the front panel — such as the vari¬ 
ous switches and thermostat —are wired to the incoming power at the 
back panel. Often the leads will have plug-type connectors. Other times 
they will be soldered or otherwise hard-wired into place. Be very careful 
when separating the case, because you could easily damage the wires or 
the components to which they are attached. 

During disassembly, you should be able to separate the case far 
enough to probe for continuity with your VOM. If you can’t and have to 
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unplug any wires, be sure to make notes and sketches so you know ex¬ 
actly how and where to reconnect the wires. 

Some units also have tension springs, especially to keep the heater 
element tight. 


Troubleshooting Chart 

Possible Causes Solution 


Problem: Unit does not go on. 

No power 
Circuit overload 

Bad cord 

Bad switch or thermostat 
Bad element 


Check outlet 

Try another outlet, particularly 
one of at least a 20-amp rating 

Test/replace 

Test/replace 

Test/replace 


Problem: No heat, even though fan turns and 

cool air is blown out through the vents. 

Bad element Test/replace 

Bad thermostat Test/replace 


Problem: Temperature control is erratic. 

Bad thermostat Test/replace 


Problem: Heater causes a short circuit to the wall outlet 
when plugged in, even when on/off 
switch is in off position. 

Short in the incoming power Repair immediately 

wire 

Short in power switch Repair immediately 


Problem: Operator receives a shock when the 
heater cabinet is touched. 

Short in wire Repair immediately 


Problem: Heater works, but fan does not go 

on and air does not circulate properly. 

Bad fan Test/replace 

Bad fan switch Test/replace 
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Telephones 


With the changes in Ma Bell government regulations early in this de¬ 
cade, hundreds of small and large companies have begun to manufacture 
telephones for private use. It is now possible, and permissible, for home- 
owners to service their own telephone equipment when they have the 
necessary tools and knowledge. (If your repairs cause a problem with the 
phone lines, however, you are held responsible.) 

For the most part, the tools you will need are the same involved in 
other small appliance repair and maintenance work. Most telephone re¬ 
pairs can now be made using no more than a little common sense in 
tracking down the defective part(s). 

Many replacement parts are now available from general hardware 
and appliance stores that sells private telephone equipment. The most 
complex repair chores will involve phone ancillary equipment, such as 
telephone answering devices and recorders, or telephone amplifiers de¬ 
signed for “no hands” conversations or as aids for the hard of hearing. 

You may also want to expand the household phone system. Consult 
a store which deals in the new phone equipment. There are jacks, plugs, 
wire, pre-made extensions, message recorders, and adaptors available 
for almost every conceivable need. Your local representative from the 
telephone company will be happy to advise you on what can and cannot 
be connected to existing lines and equipment that you now lease from 
the phone company. 

When problems do arise and repair is needed, it’s very likely that 
you can quickly and accurately diagnose the source of the trouble. The 
problem is either in the telephone or in the phone line. If other phones in 
your home are working, then you know that the trouble is either in that 
one particular outlet or in the telephone. 


Chilton's Guide to Small Appliance Repair/Maintenance 
TELEPHONES 


225 



□ □□□ 

□ DD 


o 

$ 






226 


TELEPHONES (External Components) 

Reprinted by {)ermission from Chilton’s Guido to Telephone Installation and Repair 
by John T. Martin (Radnor, Pa.; Chilton, 1985). 




























































L2 RING WIRE LI TIf WIRE 



227 


li 


DESK TELEPHONE TR 

TELEPHONES (Internal Components) 














































Hon’l assuiiu; dial a (load lino ovorywhoro in tho honso moans that 
tho trunhio is with tho incoming lino. It’s possiblo that a malfunction in 
ono of tho toh'phonos or in one of the outlets is causing the entire house 
to go (load. Ono by ono, unplug oach phone, and listen to the receiver. If 
you suddonly hoar a dial tone, you’ll know where the problem is. It’s 
with the last phone 3'ou unplugged, or with the last outlet from which 
vou unplugged it. 

Unplug the suspected phone and try another in that same outlet. If it 
now works, the problem is definitely in that telephone. If it still doesn’t 
work, the trouble is probably with the outlet. 

You can also test the suspected phone by plugging it into another 
outlet in the home or into an outlet at a neighbor’s. 

Disconnect any phone you are working on from the telephone com¬ 
pany wiring. There is no danger of high voltage (although the voltage 
used to ring the bell can give you a shock), but when working on a phone 
3^011 generally take the receiver “off the hook,’’ which disables other 
units in the home. Also, when a receiver is lifted for over a minute with¬ 
out anyone dialing, the automatic equipment at the telephone company 
disrupts the dial tone and your phones will be dead for a while even af¬ 
ter you repair whatever was wrong in the first place. 

The phone receiver consists of the dial or touch-tone circuitry, a 
small carbon microphone, a tiny speaker mounted in the earpiece, a bell 
or buzzer, and the connecting wiring. 

The receiver itself is so simple in design and construction that some 
small inexpensive phones are constructed in totally sealed plastic cases 
(many of them cost less than $10). No sense in breaking one apart for re¬ 
pair if it goes bad. It is cheaper just to purchase a complete replacement 
phone. 

In better-quality phones, replacement hardware is available. If the 
user breaks one of the push buttons on the touch-tone board, or some of 
the other component, you might be able to bu 3 ^ just that part or section, 
and for less than a whole new telephone. 

The major problem associated with phone equipment comes not 
from defective parts, but from bad or intermittant electrical connections. 
So before tearing apart a phone to see what might be the matter with it, 
plug another unit into the same jack outlet. Use spray cleaner on all the 
jack contacts, including those leading into the base of the phone or from 
the phone base to the mouthpiece. Check all cords and extensions for 
fraying or breaks, since it is easy for these light cords to be damaged dur¬ 
ing everyday use. A VOM can be used to test an 3 ^ cord or cable for conti¬ 
nuity, which will tell you quickly if something has gone wrong with the 
fine wires inside that cord. 
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If all the phones in the home are of the same type and model, it is 
easy to track down a malfunction. Take a good phone and the bad one 
and, part by part, begin exchanging from one to the other. Switch micro¬ 
phones, receiver speakers, entire receivers from the base, touch tone 
boards, etc. When you find a part that works in neither phone, that is the 
replacement you will need to purchase. [Note: Do not disassemble a 
phone are leasing.) 

Often you will find that every part from the bad phone works fine in 
the good phone! If, when you put them back into the bad phone, they 
still don’t work, then you have a contact problem. Something is not mak¬ 
ing a good electrical connection. In many instances, you will find after 
testing the parts and then putting them back into the “bad” phone after 
you find they work in the good phone, that both units work. The switch¬ 
ing around of components has cleaned up bad points on some of the con¬ 
tacts and you have “fixed” the trouble. 

Amplifier phones have an additional component —an electronic 
amplifier to “build up” the strength of the voices coming into the receiv¬ 
er. This can be either a no-hands speaker phone for conference calls, or a 
hand set with a variable volume control to boost the signal for the hard of 
hearing. 

If an amplifier goes bad, you can use the VOM to see if it is receiving 
its proper operating voltage. In some units, there is no power supply. 
The leased phone lines themselves provide an input of 9 volts dc from 
the phone company (to operate the bell and/or the touch-tone board). 
Part of this 9 vdc supply from the phone company is used to operate the 
amplifier. If the amplifier fails, check to see that the bell or buzzer and 
the touch tone board still work. You may have lost the dc voltage input 
from the phone company, and the problem is with the leased lines and 
not with your own equipment. 

If you are familiar enough with transistors to be able to identify the 
emitter, base, and collector on individual devices, and if you know the 
proper voltage drop across a working transistor, then you can use the 
VOM to test which of the transistors may have gone bad. If not, or if the 
trouble is in an IC chip, it is usually best to replace the whole amplifier 
board. The cost of such replacement is usually no more than $15, and 
generally quite a bit less. Again, check the quality of those electrical con¬ 
tacts before purchasing a replacement. 

ANSWERING MACHINES 

With answering devices and their accompanying tape recorders, a worn 
or bad recording tape is a common cause of malfunctions. Check the 
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owner’s manual for proper head cleaning advice. Tape heads may be 
cleaned with either a commercial head-cleaning solvent from an electri¬ 
cal supply house, or with cottom swabs moistened with denatured alco¬ 
hol. Do not use ordinary rubbing alcohol. 

If the recorder has some sort of mechanical failure, disassemble the 
unit and use the information in Chapter 4 on electric motors to study the 
tape drive mechanism. Contact and defective cord or plug problems are 
more likely to occur than breakdowns in the solid-state electronic com¬ 
ponents, so use the VOM for continuity tests on all cords, plugs, and 
phone connectors. 


LEASED LINE PROBLEMS 

Occasionally, a hum or line noise will become highly distracting to 
phone conversations. If switching phones does not clean up the noise, it 
is possible the trouble is in the lines from the phone company. This is 
particularly the case in periods of damp or wet weather, where the mois¬ 
ture may be causing “ground leaks” in some of the outdoor lines from 
the telephone company. If the problem persists, contact a service repre¬ 
sentative from the phone company and have the lines tested. 

In instances where you are receiving bad interference from local ra¬ 
dio transmissions (a nearby ham or CB radio operator, for example), sim¬ 
ply install a .001 microfarad capacitor across the microphone unit in the 
telephone handset. The telephone companies have capacitors on hand 
for this purpose and will generally provide one free or at low cost. 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Telephone is dead. 


Bad connector or outlet 

Test: repair/replace 

Telephone component is bad 

Test; repair/replace 

Incoming line is bad 

After you’ve completed all of your 
own tests, contact the phone 
company 

Problem: Intermittent operation; noise on the line. 

Bad connector or outlet 

Test; repair/replace 

Telephone component is bad 

Test: repair/replace 

Incoming line is shorted 

Test; contact phone company 

Incoming line is bad 

After you’ve completed all of your 
own tests, contact the phone 
company 

Interference 

Install .001 capacitor 
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Toasters 


The toaster is one appliance that almost everyone forgets to clean. Yet a 
crumb-clogged toaster is one of the major fire hazards in American 
homes today. If too many of those crumbs fall directly onto the surface of 
a red-hot heating element, they can easily erupt into flames. There is no 
excuse for having this danger in your home. Toasters are actually among 
the easiest of home appliances to maintain, and not really all that diffi¬ 
cult to repair. 

Most units have hinged crumb trays, which unsnap and swing out¬ 
ward from the bottom. (Always unplug a toaster from the wall outlet be¬ 
fore cleaning.) If the trays are removable, wash them in the sink with 
your dishes and replace after thoroughly dry. If not removable, brush off 
crumbs or residue, or wipe the trays with a damp cloth. It is usually okay 
to use soap-filled commercial nylon or plastic scouring pads to remove 
any stubborn spots or stains. Dry thoroughly, however, before reinsert¬ 
ing the tray. 

Toasters usually consist of the cord and plug, at least one thermo¬ 
stat, heating elements (usually two per slice to be toasted), mechanical 
and spring-loaded parts, and a spring-loaded on/off switch. Some units 
have solenoids and auxiliary heating coils around bimetallic sensors to 
signal when toasting is complete. Most of the components are easily test¬ 
ed for malfunction, and most of the components can be repaired or re¬ 
placed with relative ease. The trick is to pay close attention to your dis¬ 
assembly procedure and to make sure that all the springs get back into 
their proper places. 

With quite a few toasters, the heating elements are arranged as 
inside/outside and are not interchangeable. 

Sophisticated models have temperature controls for toasting bread 
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light, iiiocliuin, or dark. When testing electrical malfunctions in the more 
expensi\’e models of toasters, don’t neglect to track down and check all 
sahUv switches and interlocks. They could be the hidden cause of an ap¬ 
pliance breakdown. 

The most frequent breakdowns occur due to worn or broken plugs 
or cords, or weakened or damaged springs. The heat inside the toaster 
can cause premature aging of the parts. As with other appliances that 
heat, the cause of a malfunction is often visible upon inspection. 

A common problem is with the switch. As the switch is pushed 
down, the bread is lowered into the toaster and a latch holds it down un¬ 
til a thermostat or timer releases the catch and allows the toast to pop up. 
If the latch doesn’t work, the toast won’t stay down. If the thermostat, 
timer, or other automatic release fails, the toast might stay down to fill 
your kitchen with smoke. 

If one side of the bread toasts and the other doesn’t, the trouble is 
probably the heater element on that side. If both sides toast unevenly, 
the most likely cause of the problem is the bread itself. If the bread pops 
out before done, or burns, you’ve either set the selector incorrectly or the 
thermostat needs replacement. 

DISASSEMBLY 

The heating element is a series of wires or coils mounted on a frame with 
insulators. There are usually two elements for each slot, to toast both 
sides at the same time. These two are connected together so that both 
come on simultaneously; most of the time all the heating wires come on, 
regardless of how many slots are actually in use. 

With most models, the heating element and holder slides or snaps 
out from below. In a few cases, all disassembly hardware is reached 
through the toaster top opening. In others, access is from a bottom plate 
or by way of a mounting panel at the back of the toaster. Regardless of the 
disassembly procedure, pay close attention to what you are doing. Most 
toasters have fingers that lift the toasted bread. These will often fall out 
along with the heater element. 

For disassembly, you will usually have to remove all external knobs 
and controls. These usually pull off. Before you start yanking on the 
knobs, though, inspect them. You might find small holding screws that 
have to be loosened before the knob can be removed. 

Carefully examine the case to see how it is all held together. Holding 
screws for the case are sometimes hidden beneath the trim plates. Other 
times it will all come apart by removing screws from the bottom. With 
still other toasters, the two sides snap off for disassembly. 
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You are likely to encounter push-button, rotary, and slide switches 
(lever switches) in a toaster. You will find that most are of the DPDT 
type. All can be easily tested with the VOM. While testing the switch, ex¬ 
amine the related mechanical latches for any wear or damage. 

There may also be small contacts inside. A visual examination will 
reveal if pitting or corrosion is causing a problem. A VOM test for conti¬ 
nuity will help in your diagnosis. 

With toaster-type devices, cleanliness is an essential safety precau¬ 
tion. The heating elements become red or even white-hot during cook¬ 
ing, and the presence of grease splatters or loose food particles creates a 
definite fire hazard. After every use of a toaster, let it cool and then turn 
it upside down and sideways, physically shaking out any food particles. 
Depending upon frequency of use, once monthly or once semi-annually, 
disassemble the unit more completely for a thorough cleaning of the in¬ 
terior. 

All electrical appliances carry warnings that they should not be im¬ 
mersed in water. This is because moisture is an electrical conductor and 
can generate hazardous short circuits and because some moving parts 
such as motors and gears may be ruined if they become wet and are al¬ 
lowed to corrode. However, if one uses the proper precautions there are 
some electric heating elements that can be cleaned with water —if they 
are left open afterward in the direct sun or in a well-aired space in order 
to dry completely before reassembly and use. Heating elements in toast¬ 
ers are examples, if they can be easily removed and lightly washed as 
completely separate components. This can be helpful in instances where 
there has been a heavy buildup of debris. Be sure to allow the element to 
dry completely before putting the unit back together and turning it on. 

If you are leary of using water, then use a commercial oven cleaning 
spray solution. Follow the manufacturer’s directions, and use the solu¬ 
tion to clean the interior of the toaster and the surface of the heating 
wires or coils on a regular basis. This is not only a wise fire-prevention 
maneuver, but something that will greatly extend the life of the appli¬ 
ance. 
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Troubleshooting Chart 


/\)ssibio Cansos 

Solution 

Problem: Toasting fails to begin; toaster 

does not operate; on lamp does not light. 

Faulty power cord or plug 

Check cord and plug 

Defective switch 

Check switch 

No power to outlet 

Check outlet 

Heating element(s) worn out 

Test; replace 

Problem: Breaker or fuse blows when unit 
is plugged in or turned on. 

Circuit overload 

Try on another outlet 

Short circuit 

Test 

Problem: Toast cooks but does not pop up, 
or won’t stay down. 

Crumbs, etc. in 
mechanisms 

Clean 

Broken or damaged spring 

Examine: repair or replace 

Latch mechanism damaged or 
broken 

Examine; repair or replace 

Thermostat faulty 

Test; replace 
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Trash Compactors 


Modern trash compactors use a fairly large electric motor, geared down 
so that levers and push rods can force a large metal plate against trash 
poured into the container box. The motor action is slow speed, with ei¬ 
ther direct-drive gears or belt and pulley arrangements designed to 
squeeze household discards into small blocks for easier disposal. 

Depending upon the model involved, the compactor may also bag 
the compressed trash into disposable heavy-duty garbage bags, may have 
some method for spraying the box contents with disinfectant or deodor¬ 
izing chemicals, and may have a separate “crusher” to flatten cans be¬ 
fore they are placed with other garbage for the final compacting action. 

Consult the owner’s manual before attempting any service or main¬ 
tenance work on a home compactor. If you have lost the manual, write 
directly to the manufacturer to get a new copy. The manual is a valuable 
source of information on how to operate and maintain the appliance. 

The simplest models have a motor and its associated mechanical 
drives, a power switch, and an electrical cord and plug. Most also have 
top and bottom limiting switches or relays that prevent the ram inside 
from traveling too far in either direction. 

Complex models have speed and power gear changes, clutches, 
safety interlocks, switching networks for auxilliary services, and over¬ 
load trips. A few even have automatic deodorizers that give a spritz to 
remove odors from the garbage. 

Mechanical jamming leading to bent or broken parts is a major mal¬ 
function. Careful study of the device as it is taken apart (and before) will 
show you the proper way to replace any needed new parts. Your notes 
and sketches are critical for reassembly also. 

A split phase motor is usually used to power the compactor. Chap- 
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ter 5 gives 3^011 more information on this type of motor, as well as details 
on testing, servicing, and maintaining motors in general. 

Maintenance on a compactor is usually limited to regular cleaning. 
You’ll probably have to limit your lubrication efforts to those times 
when the compactor is open for other servicing. 

For lubrication, keep in mind that some parts are under high pres¬ 
sure. Regular lubricating oil will not handle the job. A special high-pres¬ 
sure lubricant is needed, such as lithium grease. Your owner’s manual 
will often specify what is needed and where. 

While the appliance is working normally, pay close attention to the 
various noises it makes. Because of the overall noisiness of the compac¬ 
tor, it’s not always easy to hear other sounds that would indicate the be¬ 
ginnings of a problem. By becoming consciously aware of what sounds it 
is supposed to make, recognizing other sounds will be easier. 

DISASSEMBLY 

Freestanding units are usually easier to open than built-in ones, since 
you can move the compactor away from walls and other objects for better 
access. The built-in unit may or may not have to be removed from its 
space in the cabinet before you can get inside. 

Ideally, the unit you select for purchase should have appropriate ac¬ 
cess panels. Units that slide into a tight space between cabinets should 
have removable panels in the front. Most compactors are accessible onl}^ 
from the back or from the bottom. 

Where possible, study instructions that come with your own partic¬ 
ular make and model. Basic disassembly is often given in the owner’s 
manual. During disassembly, make careful notes as to the positioning of 
all mechanical drive parts and all levers and pushrods, etc. In particular, 
pay attention to the placement of bushings, washers, and lock-nuts. 

Proper action of the compactor after reassembly depends upon the 
correct positioning of many key components. Many push rods or levers 
are held in place with cotter pins or by shear pins. A shear pin is a rolled 
metal dowel inserted into a hole to connect two moving parts. It is de¬ 
signed to break, or shear off, in case of jams. This prevents the breakage 
of more important and more expensiv'e parts. Replacement shear pins 
are less than SOC. 

If cotter or shear pins hav^e to be bent or removed in order to disas¬ 
semble the appliance, it is best to replace with new pins. Pins that have 
been bent for removal lose their tensile strength and are more liable to 
future breakage under normal use. 
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Troubleshooting Chart 


Possible Causes 

Solution 

Problem: Machine fails to stari, blows fuses/breakers; pilot 
light fails to light; on/off switch does not work. 

Wall outlet, power cord, 
plug, power switch, 
fuses/breaker, internal 
reset button, etc. 

Check; repair or replace 

Door or drawer not closed 

Close it! 

Bad safety switch 

Test; replace 

Problem: Voltage at switch ok, but motor 
does not energize. 

Faulty motor 

Test; repair or replace 

Bad control component 

Test; replace 

Problem: Appliance works, but difficult or 
impossible to change speeds. 

Speed switches 

Test; repair or replace 

Problem: Can hear motor turn 
nothing moves. 

on but 

Binding of some part 

Disassemble; examine 

Motor jammed or 
malfunctioning 

Test; lubricate; repair or replace 

Bad relay 

Test; replace 

Loose, slipping, or broken 
drive belt or gear 

Examine; repair or replace 

Problem: Appliance seems to be working, but 

compacting operation is not satisfactory. 

Improper trash loading 

Check manual to see that right 
loading method is used. 

Broken or bent parts 

Examine; repair or 
replace 

Binding parts 

Examine; lubricate, repair or 
replace 

Loose, slipping, or broken 
drive belt or gear 

Examine; repair or replace 
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Vacuum Cleaners 


There are two basic types of vacuum cleaner. A canister unit has a main 
body that houses the motor and other functional parts, with a hose at¬ 
tached. The bag is located inside the body. The upright vacuum cleaner 
has a housing at the bottom for the motor with an arm coming up out of 
the housing, to which the bag is attached. 

The greatest enemy to the vacuum cleaner is dirt —the very reason 
that it exists. As the cleaner does its job, sucking up dirt and dust, that 
dirt can get into the working parts. 

Since the bag for the canister-type is inside the body, along with the 
motor and other working parts, quite often there is a filter inside to help 
protect those parts. If this filter becomes dirty, it may cause the motor to 
overheat and can do permanent damage. It’s important to clean the in¬ 
side of the canister body thoroughly each time you change the bag. 

Many upright units, and some canister-types, make use of an agitat¬ 
ing brush to help the cleaning action. A drive belt or, more rarely, drive 
gears, are used to spin the brushes. These brushes are especially helpful 
when cleaning carpets or rugs. However, as they pick up hair, string and 
other debris, it’s all too easy for the arm to bind. Meanwhile, the motor 
will keep trying to turn the arm and this friction can even melt the drive 
belt. 

After each use, turn the vacuum cleaner over and remov^e any hair, 
string, or threads on the brushes. Occasionally remove the arm com¬ 
pletely so that you can clean the dust from the bearings at the ends of the 
arm. While doing this, check the drive belt to be sure that it hasn’t be¬ 
come worn or stretched. 

It’s also impoitant to change the bag often. Most people let the bag 
fill completely before putting in a new one to “save money.’’ It doesn’t. 
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As the bag becomes fuller, the efficiency of the vacuum cleaner de¬ 
creases, and the strain on the unit increases. 

Every unit will have at least one motor to drive fan blades that create 
the vacuuming action. This motor may also be coupled to the brush arm 
with a belt. A few units make use of a second motor for this function. The 
motor is usually a sealed unit to help keep the dust out. If the motor has 
to be replaced, the entire motor housing section almost always must be 
replaced. Breaking the seals to get at the motor is difficult [or impossible) 
and will usually cause trouble sooner or later. 

Lack of suction should be tracked to its source. For a canister vacu¬ 
um, check the amount of suction at the end of the hose; then remove the 
hose from the body of the cleaner and check the amount of suction there. 
If there is little suction at the nozzle, but plenty at the body, you know 
that the hose has to be repaired, or more likely, replaced. Doing the same 
with an upright cleaner isn’t as easy, and is often impossible. 


Chilton's Guide to Small Appliance Repair/Maintenance 
VACUUM CLEANERS 


243 





Troubleshooting Chart 


Possible Causes 


Solution 


Problem: Machine fails to start, blows 

fuscs/breakers, on/off switch docs not work. 

Wall outlet, power cord, Check; repair or replace 

plug, power switch, 
fuses/l)reaker, internal 
reset button 

Bad safety switch Test; replace 


Problem: Voltage at switch ok, but motor 
docs not energize. 

Faulty motor Test; repair or replace 

Bad switch Test; replace 


Problem: Appliance works, but difficult or 
impossible to change speeds. 

Speed switches Test; repair or replace 


Problem: Motor turns on, but nothing moves. 


Binding of some part 

Motor jammed or 
malfunctioning 

Loose, slipping, or broken 
drive belt or gear 

Agitator jammed 


Disassemble: examine 

Test; lubricate: repair or replace 

Examine: repair or replace 

Examine: clean 


Problem: Poor suction; poor 

Bag overfull or clogged 
Filter clogged 
Hoses damaged: air leaks 
Agitator or brush jammed 
Dri ve belt or gear bad 


cleaning action. 

Replace 

Clean or replace 

Rejjair or replace hoses and gaskets 

Examine: clean 

Examine: repair or replace 
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Glossary 


ac Alternating current. Supplied by power companies to homes. It is 
electricity moving back and forth along a wiring circuit, first in one 
direction and then in another. 

amp Ampere. The unit for measuring how much electricity flows past 
a given point in one second of time when pushed by one volt of elec¬ 
trical pressure. It is somewhat similar to gallons per minute when 
measureing water flow through a pipe, 
analog A signal that varies directly in proportion to another signal. An 
analog meter uses a needle that swings anywhere across a scale; 
compared to a digital meter which gives a reading in discrete num¬ 
bers. 

aquastat A device used to measure and control the temperature of the 
water in a hot water heater, or in a furnace that uses hot water, 
armature The part of an electric motor that turns. The armature wind¬ 
ing carries the current. Also the moving part of a relay, 
armored cable More commonly called BX, Electrical wires encased in 
a flexible metallic sheath. 

backflow Water moving in a direction other than normal, or from an 
external source other than the usual one. 
battery A device that holds and/or generates dc power via a chemical 
reaction. 

bearing A supporting part that holds a motor shaft and allows it to 
spin. 

bibb The correct name for a faucet with threads. For example, an out¬ 
door faucet that accepts a hose is correctly called a hose bibb, 
bimetal Two metals binded together in a strip, with different bending 
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loni{HM'atiir(\s. 'I'ho two act as a teMn{)cratiire sensitives switch to con¬ 
trol lusating or cooling appliancess. 

broakesr A t^'pes of “fuse” that does not melt, but that opens an electri¬ 
cal switch when an overload trips it. Somewhat similar to a switch. 
Can be reset. 

brush A conductive “plug” that makes contact between the commuta¬ 
tor of a motor and the source of power. The brush is usually made of 
graphite or carbon. 

bushing An insulator to be placed around the wires extending from the 
end of a BX cable, to prevent the cut edges of the metal sheathing 
from damaging the insulation of the wires extending beyond. 

BX More correctly called Type AC. A metal-armored cable for use in 
areas that are always dry. Often used in areas where Romex does not 
meet building codes. 

cam An irregularly shaped device that when rotated on a shaft causes a 
switch or other mechanism to be tripped. 

capacitor An electronic component that stores a charge. It also passes 
ac while blocking dc. Commonly used as a booster for motors and in 
power supplies. 

centrifugal switch A switch that works as the speed of a motor reaches 
a certain level, usually to cut out the startup winding and to cut in 
the main winding. 

check valve A valve that prevents water from flowing in the wrong di¬ 
rection. Sometimes incorrectly used to describe a safety valve that 
“lets go” when too much pressure builds up, such as in a water heat¬ 
er. 

circuit A complete path for the flow of electricity, from the source 
(breaker box or wall outlet), through the appliance, and back to the 
source through the second connecting wire of the wall plug. 

circuit breaker A modern replacement for old style fuses, this is a 
switching device designed to automatically turn off whenever a cir¬ 
cuit overload or short circuit tries to draw more current than an elec¬ 
trical device is supposed to use. The circuit breaker is simply reset 
to return electricity to the circuit. 

compressor A device used to compress a gas, such as freon. The ex¬ 
panding gas can then be used to cool. 

commutator A part of the armature of a motor. Connects to the wind¬ 
ings (coils) of the armature. A brush or set of brushes connected to 
the power supply makes contact with the commutator, and thus 
with the motor. Most commutators are made of pieces of copper on a 
central hub of steel. 

condenser An old-fashioned term for a capacitor. More commonly, the 
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part of a heating or cooling system that causes a gas to condense to a 
liquid. 

conduit Metal or plastic tubing, used to run cables outdoors or under¬ 
ground, or in areas where exposed wires are in danger of fraying, 
cutting, or getting wet. 
cps Cycles per second. 

current The movement of electrical energy in a wire or circuit. Mea¬ 
sured in amps. 

dc Direct current. The type of electricity provided by batteries and 
needed for the proper operation of some small appliances. This is 
current that moves in one direction only, from the source, through 
the appliance, and back to the source. Some appliances designed to 
operate ac or dc have a built-in converter, or a power supply, to 
change ac from the power company into the dc needed to make the 
device function. 

digital Signals with a discrete, on/off state, as opposed to analog sig¬ 
nals, which have a continuously changing state, 
distribution box Also called a junction box. A metal or plastic box, 
mounted in the wall, through which the wires carrying the incom¬ 
ing power enter the house. These wires are then connected to the 
wires that run to various outlets, switches, and appliances that oper¬ 
ate from that particular circuit. 

DPDT Double-pole, double throw switch. 

field winding The coil of wire in a motor or other device that generates 
a magnetic field when current is applied, 
fin comb Small pieces of metal in a pattern to disperse the heat generat¬ 
ed by an appliance. 

fuse A safety device to prevent electrical overloads, and to keep short 
circuits from causing wires to overheat to the point where they be¬ 
come fire hazards. Fuses are rated according to the amount of cur¬ 
rent (amps) they can carry, and when a circuit attempts to draw 
more current than the rated fuse value, it will burn out. 
gauge Unit for measuring wire size. The lower the gauge number, the 
larger the wire, thus the greater current carrying capacity. 

GFCI Ground fault circuit interrupter, 
governor A device used to control the speed of a motor, 
ground Actual earth, or the electrical ground or chassis point of an 
electrical circuit that provides the equivalent of earth. Sometimes 
used to refer to the return path of a circuit, 
horsepower A measurement of physical work accomplished by an 
electrical device. When 746 watts of electrical power is used, it is 
equivalent to one horsepower. 
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hot wire The “high” side or power-carrying wire of a home wiring cir¬ 
cuit. usually identified by a black or red colored insulation. Neutral 
or ground wires are usually white. 

IC Integrated Circuit, or IC chip. 

insulation A protective nonconducting coating of rubber, plastic, cot¬ 
ton, or lacquer, used to prevent electricity from jumping across one 
wire to another. 

live circuit A circuit that is energized, or is carrying electrical current, 
load What is being driven or powered by a device such as a motor. Also 
used to describe the amount of power used, 
mercury switch A switch that uses a bubble of mercury to make or 
break contact when the containing tube is tipped, 
microswitch A very small switch, or a switch with a very small contact 
for activation. 

Ohm’s law The mathematical formula relating voltage, current, and re¬ 
sistance. The three basic formulae are: E = IR, I = E/R, and R = E/I, 
where E is voltage, I is current, and R is resistance, 
opeu circuit Sometimes called an open. A circuit with a break in a wire 
(like an open hole into which electricity disappears and does not 
pass through. 

overload The condition when two many appliances or lights are 
placed on a single electrical circuit, exceeding the maximum amper¬ 
age capable of being supplied by the circuit. Many household cir¬ 
cuits are 15 amps, 

polarizing Identification (usually by color code) of the hot or positive 
(+) side of a circuit or the ground or negative (—) side of the circuit. 
These codes help to prevent a repairman from making an accidental 
short circuit, connecting a hot wire directly to a ground wire, 
polarized A plug or outlet that has a definite ground and hot, or posi¬ 
tive and negative electrical or magnetic connections. In polarized 
plugs and outlets, one prong and one opening will be larger than the 
other. 

power law The mathematical formula for power, in watts. Expressed 
as P = IE, where P is power in watts, I is current in amps, and E is 
voltage. If 10 amps of current is flowing with 117 volts, 1170 watts 
of power are being consumed. 

relay A switch-like device. As current is applied, (e.g.. when a built-in 
timer goes off), the relay causes an internal electromagnet to either 
make or break contact. 

resistance The opposition to the flow of electrical current, measured in 
ohms. 

rheostat An electronic component having a variable resistance. This 
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regulates the amount of current, and thus the power being used. It is 
often used to control motor speed or temperature of a heating ele¬ 
ment. 

Romex A cable covered with plastic or rubber rather than metal, 
rpm Revolutions per minute; usually refers to motor speed, 
schematic A line drawing showing the electrical connections between 
various circuits and devices. 

service entrance The technical name for the main fuse box or breaker 
box, where power from the utility company is brought into the 
house. Total service amperage for most home wiring circuits is 120 
to 160 amps, depending upon local housing codes, 
short circuit An accidental connection between two points in an elec¬ 
trical circuit, when the hot leg of a circuit accidentally touches the 
ground leg (or your body) without going through an electric appli¬ 
ance. This provides a path for the maximum amount of current 
available from the power company, and trips any breakers or fuses. 
Short circuits can cause sparks and are fire dangers, 
solder Generally, a mixture of tin and lead with a relatively low melt¬ 
ing point. Used to provide a clean and corrosion-free joint, 
solenoid A device in which an electromagnet pushes and pulls at a 
shaft, causing an inwards/outwards motion, and thus making or 
breaking mechanical contact. Often used as an electrically con¬ 
trolled valve. 

SPST Single pole, single throw switch. 

solderless connectors Crimp or twist caps to be placed over exposed 
wires, making a good electrical connection without solder, 
test light A neon or low-wattage bulb with two test-probe leads. Can be 
used to check for the presence of voltage, ac or dc. 
thermocouple A device that converts changes in temperature to elec¬ 
trical energy, often in the form of pulses to control other devices or 
equipment. 

thermostat A device sensitive to temperature changes; it throws an in¬ 
ternal switch when certain temperature levels are reached. Most are 
bimetallic, containing two metals that expand and contract at differ¬ 
ent rates and make or break electrical contact, depending on how far 
they are “bent” by temperature variance, 
torque Measure of rotating force around an axis, 
transformer A device used to change the value of the ac voltage going 
through it. The most common purpose in the home is to reduce line 
voltage to the needed value. 

voltage The electrical “pressure” that moves electrical energy through 
a circuit. Measured in volts. 
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VOM A volt-ohin-milliammeter, for measuring voltage, current, and 
resistance in electrical circuits. 

watt The unit of use of electrical power. One watt used for one hour is 
a watt-hour. 1,000 watt hours is a kilowatt hour, the measurement a 
utility company uses in order to bill you for electricity each month, 
winding The conductive wire of a motor that is wrapped and coupled 
inductively to the magnetic core. 
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See also Glossary, pages 245-250 


air conditioners 

power cord size for, 55 
voltage requirements of, 43 
wiring installation for, 45 
alcohol, denatured, 15 
alien wrenches, 12, 192 
alternating current (ac) 
conversion of, 76 
measurement of, 22 
alternating current (ac) motors, 81-85 
speed of, 83 

alternating line voltage, and danger 
spots, 33 

amperage, total service, for home wir¬ 
ing circuits, 39 
amplifier phones, 229 
amps, 26 

answering machines, 229-230 
appliances 

basic repair of, 65-78 
disassembly of, 71-75 
functions of, 70 

power requirements of, 115-116 
purchase of, 114-119 
reconnecting wires within, 72-73 
safety with, 35-36 
short circuit in, 42, 67 
testing for continuity within, 70 
timers in, 147 

battery, 37 

for cordless shavers, 208-209 
in electric knives, 164 
bearings, 87-89 


on chain saws, 143 
frozen, 92 
replacement of. 89 
worn, shaft movement and, 92 
belt drives, correction of slipping by, 96 
bimetal strip, in thermostats, 107 
binding, 89 

blankets, electric, 158-161 
blenders, 127-132 
branch circuits, 39-40 
brand shopping, 117 
breaker box, 38 
bridge rectifiers, 77 
broiler ovens, 133-136 
wire gauge for, 45 
brown-outs, 20 
burnishing tools, 112 
BX cable, 44 

cable assembly, 44 
cams, 198 

can openers, 137-140 
capacitors, 71, 82 

as danger spots, 33-34 
filter, 77 

replacement of, 96-97 
shorting out, 34 
testing with VOM, 94-95 
cartridge-type fuses, 41 
cases 

damage to, 122-123 
electrical, 34 

CB radio interference, in teUjphones, 
230 
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chain saws, 141-144 
charging units, for electric knives, 1G4 
check \'alves, on pumps, 201 
circuit hoards, motor, 80 
testing of, 07 

circuit breakers, 39, 40-43 
for air conditioners, 45 
thermal overload, 91 
circuits. See also short circuits 
grounding. 45 
incomplete, 37-38 
tracing, 25 

cleaner, aerosol spray, 112 
cleaning, 120-122 
alcohol for, 15 
of coffee makers, 149, 151 
clocks, 145-148 

clothes dryers, power cord size for, 55 
clutches, on chain saws, 141 
coffee makers, 149-153 
heating elements in, 105 
testing thermostats on. 111 
cold joint, 54 

compound-wound motors, 81 
compressors, starting capacitors for, 34 
conductors, electrical, dust as, 34 
connections, repair of, 54-64 
connectors, 16, 49 
continuity, 18 

between windings, 93 
testing for, 23-26, 70 
cordless shavers, 208 
cotter pins, 238 
crockpots. See slow cookers 
current 

definition of, 26 
effect of, on human body, 28 
measurement of, 30 
VOM testing for, 19, 26-27 

danger spots, 33-35 
dc. See direct current 
dealers, 116-117, 118-119 
deep fat fryers, 154-157 
denatured alcohol, 15 
desoldering tool, 13, 59 
diagnosis, 65-69 
diodes, 76 
direct current (dc) 
conversion to, 76 
measurement of, 22 
direct current (dc) motors, 85-86 
replacement of. 95 


speed of, 83 
testing, 93, 146 
disassembly, 71-75 

distilled water, for coffee makers, 151 
do-it-yourself repair, 2 
double-pole single-throw wall switch, 
48-49 
drive belts 
for fans, 113 

for garage door openers, 172 
replacement of, 96 
for sewing machines, 203 
for vacuum cleaners, 240 

electric blankets, 158-161 
electric knives, 162-165 
electric motors, 79-97. See also motors 
electrical cases, 34 
electrical conductors, dust as, 34 
electrical installation, 120 
electrical storms, 42 
electrical tape, 15, 61 
electricity, fundamentals of, 37-64 
electrolytic condensers, replacement of, 
97 

electronic circuits, 75. See also 
solid-state electronics 
energy, capacitor storage of, 82 
extension cords, 55-56, 120 
eyes, protection for, 30 

fans, 166-169 
cleaning of, 113 
dc motors in, 85-86 
Federal Communications Commission 
regulations, 173 
filter capacitor, 77 
filters, 113 
first aid kit, 31 
flammability, 35 
float valves, on pumps, 201 
food, and safety. 30 
food processors, 127-132 
freedom of movement, of motor shaft, 
88 

friction tape. 15 
frozen bearings, 92 
fryers, deep fat, 154-157 
frypans, 214-216 
fuse box. 38 
fuses. 39. 40-43 
blackened. 41 
replacement of. 42-43 
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garage door openers, 170-175 
grass trimmers, 176-181 
ground wire, 46 
grounded outlets, testing, 20 
grounded wire, 47 
grounding circuits, 45 
grounding wire, 47 

heat, and wire type, 44 
heaters. See space heaters 
heating elements, 14 

basic functioning of, 98-102 
in broiler ovens, 134-136 
cleaning of, 113 
as danger spot, 33 
in deep fat fryers, 154, 156 
diagnosis for, 102-104 
in electric blankets, 158 
in frypans, 215 
gauge of wire for, 45 
lug connections, 100-101 
maintenance of, 112-113 
plug-in units, 99-100 
repairing, 106-107 
resistance reading of, 70 
in space heaters, 223 
testing, 104-106 
in toasters, 234 
in water beds, 159 
welded or soldered units, 101-102 
heating pads, 158-161 
horsepower, 80 
hot plates, 182-184 
hot wire, 46 
housing codes, 39 
humidostats, 112 

hysteresis/synchronous motors, 84 

impedance, 105 
inspection, after rewiring, 44 
installation, 119-120 
instruction manuals, 119 
insulating tape, 15 
insulation, color of, 45-46 
interlocks, 134 
irons, 185-188 

heating elements in, 105 
wire gauge for, 45 

jewelry, and safety, 30 
juicers, 189-191 
junction boxes, 49 


kitchen appliances, power cord size, 55 
knives, electric, 162-165 

labeling, of branch circuits, 39-40 

labor charges, 2 

lamps 

power cord size for, 55 
wire gauge for, 45 
lawn mowers, 176-181 

drive belt replacement on, 96 
leaf blowers, 180 
light fixtures, short circuit in, 42 
liquid porcelain, 122-123 
local building authority, 43 
lubrication, 89, 122 
for motors, 96 
for sewing machines, 204 
for trash compactors, 238 

machine oil, 15 
magnetic clutches, 86 
magnetism, 80 
maintenance 
general, 120-122 
preventive, 15, 114 
mechanical malfunction, 70 
of motor shafts, 89 
in power tools, 193 
metal-armored cable, 44 
microchips, 75 
microwave ovens 

voltage changes and, 50 
wire gauge for, 45 
mixers, 127-132 
moisture, and wire type, 44 
motor circuit boards, testing, 87 
motor shafts 

freedom of movement of, 88 
mechanical problems with, 89 
motors, 79-97 

alternating current, 81-85 
for clocks, 146 
compound-wound, 81 
direct current, 85-86. See also direct 
current (dc) motors 
disassembly of, 95 
formula for speed of, 84 
hysteresis/synchronous, 84 
low voltage effect on, 50, 52 
maintenance of, 95-97 
mounts for, 87 

permanently sealed, lubricating, 
92-93 
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potential problems with, 09-70 
for power toots, 194 
problems with, 09-91 
rSC, 02-03 
for pomps, 201-202 
replacement of, 95 
series-wound, 01 
shaded-pole, 81-02 
for shavers, 209 
shunt-wound, 81 
split-phase, 82 
starting capacitor for, 34 
testing, 92-93 

thermal overload circuit breaker on, 
91 

universal, 81 
in vacuum cleaners, 243 
multimeter. See VOM (volt-ohm- 
milliameter) 

National Electrical Code, 43 
National Fire Protection Association, 
Inc., 43 

National Fire Underwriters Board, 45 

needlenosed pliers, 12 

neutral wire, 46 

nichrome, 99 

noise, from fans, 166 

nut drivers, 12 

one-hand rule, 30 
open circuits, in motors, 89 
operator’s manual, 88 
outlets, 49 
power to, 65 
replacement of, 52-53 
testing and replacing, 20, 50-53 
ovens. See broiler ovens 
overheating, 68 
overloading, 67 
checking for, 41-43 
heating elements and, 103 
space heaters and, 221 

parts 

buying, 77-78 
salvaged, 3 

permanently sealed motors, lubricating, 
92-93 

Phillips screwdrivers, 11 
pliers, 12 
plugs, 62-64 

polarity, of VOM leads, 22 


portable heaters. See space heaters 
power cords 
damaged, 23 
on deep fat fryers, 154 
sizes for, 55 

testing for short circuit in, 24-25 
power supplies, 75-77 
built-in, 22 
capacitors as, 34 
testing, 77 
power surge, 42 
power tools, 192-199 

drive belt replacement on, 96 
preventive maintenance, 114 
alcohol for, 15 

proprietary information laws, 86 
PSC motors, 82-83 
pumps, 200-202 

radio-controlled devices, for garage 
door openers, 173 

radio frequency (RF) interference, 34 
in telephones, 230 
radios 

power cord size for, 55 
wire gauge for, 45 
razors, electric, wire gauge for, 45 
rectifier, in power supply, 76 
repairs, cost of, 2 
replacement parts, buying, 77-78 
replacement parts list, 88 
resistance, testing for, 18, 23-26, 106 
return wire, 46 

rewiring, wiring codes and, 43 
RF interference, 34 
rheostats, 98, 99, 107 
in deep fat fryers, 156 
in electric blankets, 159 
problems with, 104 
Romex insulation, 44-45 

safety, 4, 28-36 
broiler ovens and, 133 
capacitors and, 85 
extension cords and, 55-56, 120 
during fan repair, 168 
in fuse replacement, 42-43 
garage door openers and, 173 
power tools and, 192-193 
toasters and, 232, 235 
and wire reconnection within appli¬ 
ances, 72 
safety wire, 47 
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salvaged parts, 3 

screw terminal, attaching wire to, 58 
screwdrivers, 10-11 
sealants, for steam irons, 187 
semiconductors, for temperature con¬ 
trol, 108 

series-wound motors, 81 
service entrance, 38-39 
servicing, professional, 118 
sewing machines, 203-207 
shaded-pole motors, 81-82 
shavers, 208-213 
shear pins, 238 
short circuits, 42, 65 
blackened fuse from, 41 
in hot plates, 182 
locating, 66-67 
motor malfunction from, 90 
in power cord, testing for, 24-25 
testing for, 26 
in wiring, 55 
shunt-wound motors, 81 
silver soldering, 102 
single-pole single-throw wall switch, 
48 

skillets, 214-216 
slow cookers, 156, 217-220 
small appliances. See appliances 
socket set, 12 

solder sucker (desoldering tool), 13, 59 
soldering, 53-54. See also unsoldering 
silver, 102 

soldering iron, 13, 14 
solderless screw cap, 58 
solenoids, 198 

solid-state electronics, 75, 86 
clocks with, 146-147 
thermostats with, 108 
space heaters, 221-224 
heating elements in, 105 
low voltage effect on, 50, 52 
speed control 

for blenders, mixers or processors, 
131 

for fans, 168 
splices, 56-62 
split-phase motors, 82 
spot welding, 102 
spray contact cleaner, 112 
spray lubricant, 15 
start-up capacitors, 34 
steam irons, 185, 187 
storms, electrical, 42 


stoves, power cord size for, 55 
supplies, 15-17 
switch boxes, 49 
switches 

replacement of, in power tools, 194 
testing, 26 
in toasters, 234 
wall, 47-49 

tape, electrical, 15, 61 
taps, 56-62 

telephone lines, problems with, 230 
telephones, 225-231 
televisions, power cord size for, 55 
thermal overload circuit breaker, on 
motors, 91 
thermistors, 108 
thermostats, 99, 107-111 
cleaning of, 113 
in deep fat fryers, 156 
in electric blankets, 159 
in irons, 185 
maintenance for, 113 
problems with, 104 
solid-state, 108 
testing, 108-111 
three-pronged plugs, 64 
three-way wall switch, 49 
timers, 111-112, 145-148 
tinning process, 56-57, 61 
toaster ovens. See broiler ovens 
toasters, 232-236 
wire gauge for, 45 
tools. See also power tools 
general purpose, 9-14 
and safety, 31 
torque, 80, 81 
Torx driver, 11 

transformer, in power supply, 75-76 
transistors 

in telephones, 229 
testing, 87 

trash compactors, 237-239 
troubleshooting charts 
for blenders, 132 
for broiler ovens, 136 
for can openers, 140 
for chain saws, 144 
for coffee makers, 152-153 
for deep fat fryers, 157 
for electric blankets, 161 
for electric knives, 165 
for fans, 169 
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for food processors, 132 
for frypnns, 216 

for garage door openers, 174-175 

for heating pads, 161 

for hot plates, 164 

for irons, 188 

for juicers, 191 

for lawn mowers and grass trimmers, 
181 

for mixers, 132 
for power tools, 199 
for pumps, 202 
for sowing machines, 206-207 
for shavers, 213 
for slow cookers, 220 
for space heaters, 224 
for telephones, 230 
for timers, 148 
for toasters, 236 
for trash compactors, 239 
for v'acuum cleaners, 244 
for water beds, 161 
Type AC cable, 44 

universal motors, 81 
unplugging, and safety, 32 
unsoldering, 58-59 

vacuum cleaners, 240-244 
drive belt replacement on, 96 
power cord size for, 55 
vacuum pumps, 200-201 
valves, on pumps, 201 
varistors, 108 
ventilation, 120 
voltage 

checking, within appliances, 74 


effect of changes in, on appliances, 

50 

loss of, and appliance functioning, 56 
measurement of, 18, 30 
VOM to test, 19-22 
voltage dividers, 112 
VOM (volt-ohm-milliameter), 14, 17-27 
for diagnosis, 73 
range of, 22 

testing cartridge fuses with, 41 
testing heating element with, 104-105 
testing motors with, 93-95 
testing outlets with, 50 

wall outlet, testing, 20-21 
wall switches, 47-49 
warranties, 71, 118 
water beds, 158-161 
water heaters, testing thermostats on, 
110-111 

WD-40 (spray lubricant), 15 
windings 
break in, 89-90 
continuity between, 93 
wire 

color of, 45-46 
gauge of, 16-17, 45 
types of, 44-47 
wire clippers, 12 
wiring 

home, 43-49 
repair of, 54-64 
splices and taps for, 56-62 
for telephones, 228 

wiring circuits, total service amperage 
for, 39 

wiring codes, 43, 45 
wrenches, 12 
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Household apfHiances that assist us each day in performing tasks more easily, 
faster, and usuaNy better, are marvelous. Until they go on the fritz, that is. The 
cost of professional repair is frequently as much as—or more than—the cost of 
a shiny new replacement. If a $29 coffee maker acts up and the service charge 
is $35, the old goes in the trash and you ante up for a new one. Right? 

s> 

Wrong. The likeliest problems are a $3 heating element or a 50(p switch. Total 
time to fix? 5 minutes, not counting your trip to the hardware store. 

Gene Williams, a veteran writer of fix-it-yourself books and articles, reviews the 
parts and! functions common on all small electric appliances, describes the 
few ordinary tools you need, and thoroughly reviews safety practices and 
electrical codes. 



Then, covering indoor and outdoor electric appliances from blenders and irons 
to chain saws and mowers, Williams explains how to prevent trouble in the first 
place through proper use and easy routine maintehance steps; how to diagnose 
and fix problems when they do occur; and, perhaps most Important of all, when 
to seek professional service. If you have more than three small appliances and 
power tools in and around your home, you should buy this book. It will pay for 
itself several times over in the time, money and frustration It saves the first time 
your vacuum cleaner goes on vacation, your mixer malfunctions, or your garage 


door opener dqpsn’t. | j 

You should prdbably also buy a copy of Chilton’s Guide to Large Appiknce 
Repair and Maintenance, which covers ranges, refrigerators and freezers, 
dishwashers, washers and dryers, air conditioners, heat pumps, hot water 
heaters, and electric furnaces. 
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